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PREFACE

System cost estimates used in this report were valid as of May 1976 and con-
sist of a number of cost elements, only one of which is the cost of procuring hard-
ware. Cost saving measures incorporated in progressive system designs may result
in lower hardware costs. Further, hardware costs are affected by a number of
unforeseen circumstances and variables including the size of the procurement. The
important consideration was to reflect the difference between the unit costs for
the MLS and ILS systems in an accurate manner. Components of avionics equipment
conon to both systems could be excluded from the cost estimates shown, for this
reason. As a result, the unit costs cited in this study should be used with some
caution. Even more caution is required when quoting or comparing 'Total System" or
"Total Program" Costs. These latter costs are highly dependent on the analytical
context -- the implementation strategy, length of planning period, and other esti-
mating assumptions -- used in generating them. For this reason, total system or
program costs should not be quoted out of context.

REPORT ORGANIZATION

This report, "An Analysis of the Requirements for and the Benefits and Costs
of the National Microwave Landing System (MLS) ," is composed of three volumes: the
executive summary, this analysis (volume I), and volume II containing the major
reports used for supporting data and analysis.

In this volume, the long-term overall desirability of implementing MLS versus
continuing with ILS throughout the National Aviation System (NAS) is evaluated in
the Economic Analysis, chapter 1. This analysis of NAS precision approach system
benefits and costs includes a presentation of results by user group and airport
type. Chapter 2 presents a detailed description of the technical and performance
characteristics for the MLS. The analysis in this chapter provides nuch of the
basis for the Economic Analysis. Finally, the summary of findings and conclusions
is briefly discussed in chapter 3. Appendixes containing data in support of the
analysis are included in the final portion of this volume.
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INTRODUCrICN AND BENEFITS SI4A

OBJECTIVES

The Instrument Landing.System (ILS) has done an excellent job of meeting the
precision landing requirements of the National Aviation System over the past 35 years.
However, its inherent limitations are anticipated to become more acute and costly in
the future. Recognition of these limitations by the federal government and the avi-
ation community led to the development of the Microwave Landing System (KS) Program;
more specifically, the Time Reference Scanning Beam (TRSB) MLS. This study is an
assessment of the potential relative merits of MLS with respect to ILS. It is the
study's intent to provide DOT/PAA management with the type of information necessary
to assist in its decisions on whether to: (1) proceed with the completion of the
third phase of TRSB development and (2) implement MLS nationally as the replacement
for ILS.

This introduction provides the background for the rest of the report. It
briefly describes:

a. The major MLS benefits

b. The limitations of the present Instrument Landing System (ILS)

c. The choice of MLS as the new precision guidance system

d. The technical capabilities designed into MLS

The benefits resulting from the capabilities of MLS are discussed in detail in
the requirements chapter (2.0) of this report. A synopsis of many of the major
benefits are as follows:

a. Channel Congestion - MLS provides a sufficient number of frequency channels
(200) to preclude the limitations being experienced by ILS.

b. Sign lit - MLS provides cleaner guidance signals closer in to "touch-
down" than are available from ILS. This permits certain operating restric-
tions to be removed that are now being applied in some locations as a result
of ILS signal deficiencies (e.g., bends, roughness, and poor guidance
quality).

c. Difficult Sites - MLS is much less sensitive to terrain and structures
multipath affects than ILS. The benefit of MLS will be to potentially
reduce the number of unequipped runways because of environmental effects.

. ....1~iI I . . ."" ... . . .



d. eophysical Effects - KS is essentially independent of the surface conditions
and can therefore reduce the annual rate at which flights are delayed or
diverted due to landing system outages caused by geophysical effects such
as ice, snow, tides, soil moisture, etc., on the glideslope reflection ground
plane.

e. Approach Obstructins - M&S could possibly permit use of selected glide
slopes or precision curved approaches for some aircraft to remove a number
of site specific restrictions.

f. Off-set Localizer - The M4S split azimuth configuration can maintain its
precision, thus minimizing the special restrictions which must be applied
to offset ILS installations.

g. Reduced Maintenace - Both ground and airborne MIS avionics will incorporate
digitial solid-state improvements which should reduce maintenance costs
and the incidence of flight disruptions arising from guidance equipment
outages...

h. Standardization - The MIS has been designed to meet both the civil and
military national and international requirements. Without MIS as the
national standard, there probably will be the disbenefits of multiple
incompatible ground and avionics systems.

System Definition

The International Civil Aviation Organization (ICAO) standard definitions for
Category I, II, and III ILS operations have been assumed for corresponding MIS
systems for the purposes of this benefit and cost comparison. Essentially, these
definitions establish an instrment approach system which provides for approaches to
decision heights (EH) above the airports at which point the runway nust be in sight
and visibilities along the runway expressed as Runway Visual Range (RVR) as indicated
below.

CATEGORIES OF OPERATION FOR PRECISION APPROAqiES

Category E11 RVR

I 200 feet 2400 feet*
II 100 feet 1200 feet
llla 0 feet 700 feet
IIIb 0 feet 150 feet
IIIc 0 feet 0 feet

These category definitions were established after years of experience and tests
with large jet airline aircraft using good quality ILS. A Category I ILS has only a
single transmitter. A pilot experiencing an I1S ground system failure must have
sufficient ceiling and visibility to execute a safe missed approach procedure or to

'RVR as low as 1800 feet may be authorized for CAT I when appropriate visual aids
are installed and operational.
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complete the landing safely. With a Category II system, the I.S has dual transmitters
available, but the changeover time is such that the approach mininums prescribed
allow for a safe go-around or landing in the event of system failure. The redundancy
requirements, defined in Section 2.4, correspond with the pilot, autopilot, and air-
craft response times and performance capabilities given the loss of an ILS signal.
The Category III system is similar to Category II; however, the backup system, unlike
the Category II system, is kept in operational readiness for immediate switchover in
the event of any indication of problems in the operating system. In the event of
failure and subsequent switchover of either a Category II or Category III system,
minimams are temporarily raised and the system operates as if it were Category I until
the problems are corrected and both transmitters are again available.

Since the ICAO operational definitions were developed through experience with
ILS, it is reasonable to expect that probably new landing minins and siting cri-
teria will be developed for NLS as experience is gained in its use. Until then, the
existing ICAD category defintions are satisfactory for the comparison purposes of
this study.

LIMITATIONS OF THE ILS

This section provides background on the Instrument Landing System (ILS), its
status, capabilities, and limitations.

History of ILS

ILS was demonstrated in 1939, adopted for national service in 1941, and adopted
as an international standard by ICAO in 1949. It is still providing satisfactory
precision landing guidance at most airline airports. While only about ten percent
of the nation's airports which have paved and lighted runways also have an ILS,
these airports are the most heavily used in the nation. Of those airports having
approved instrument approaches, only 25 percent have ILS; yet, these airports account
for over 80 percent of all instrument approaches. Over 90 percent of all airline
activity and nearly 100 percent of all jet airline traffic use airports with ILS.
However, even for these airports with an ILS, approximately 28 percent do not meet
the decision height and/or runway visual range requirements for Category I operations
because of no approach lighting signal-in-space and/or obstruction constraints.

Currently, about 600 ILS facilities are installed at airports within the U.S.
Planned installations through FY 1980 will raise this total to 728 facilities. About
350 of the existing systems are of older vacuum tube design with inherently higher
annual operation and maintenance costs and lower reliability. The balance of these
systems are and will be solid-state design with improved reliability and reduced
annual costs.

ILS functions well where installed because its limitations are known, and when
required, operational constraints are imposed based on these limitations. The FAA
has taken great care that only quality installations and safe operational practices
are employed. Very few accidents have occurred when full ILS was available. Until
recently, no air carrier airline crash had ever occurred on an ILS approach. The
limitations of ILS which have resulted in the development of a replacement system are
principally those which have prevented or delayed its installation and operation.
Some of the most significant of these are discussed below.
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Channel Availability

The availability of frequencies for the conventional ILS has become critically
limited. ILS currently uses 20 channels spaced 100 kHz apart in the band also used
for VHF omni range navigation; expansion to 40 channels has been proposed by reducing
the channel spacing to 50 kHz. If implemented, this approach is considered costly to
the users and will only postpone the severity of the problem. At present, because
of the nonavailability of additional channels, identical frequencies have been as-
signed to facilities at the same airport. This necessitates that only one system
can be operating at any given time creating both operational and maintenance problems.
The lack of channel availability is particularly costly whenever a frequency assign-
ment for a new facility is needed. The FAA is forced to reassign channels to a
number of facilities in the area at considerable expense.

A number of studies have been completed to determine the number of frequency
assignments required for landing systems in the United States. When considering this
problem, RTCA SC-117 relied heavily upon a computer analysis performed by ECAC. 1

They recommended a minimun of 100 channels expandable to 200 channels for NLS. A
more recent study is discussed in the Relief of ILS Channel Limitations Section (2.3)
of this report. It shows that the expansion of ILS to 40 channels from 20 could
provide adequate coverage through the early 1990's. However, before this point is
reached considerable constraints will have to be placed on the installation and
operational capability of ILS.

operational Restrictions

ILS provides only a single approach path with small proportional deviation in-
dication on both sides in both azimuth (±30) and elevation (±2*). Because of this
inherent operational inflexibility, ILS installations must be set at a given azimuth
and glide slope and cannot be varied to fit the most desirable approach path matched
to the performance capabilities of different type aircraft. ILS cannot provide the
area navigation capability necessary as an adjunct to the Upgraded Third Generation
ATC system to meet the requirements of reduced ATC separation standards (see section
2.5), or minimize the impact of aircraft noise upon a community. Further, at a
number of airports with existing ILS, the operating minimums are higher than CAT I
minimums, resulting in a number of IFR delays, diversions, and cancellations.

Compatability

The military requires a landing system which is mission oriented, that is wnder
certain conditions they can operate from standard airports or underdeveloped landing
sites or, as is the case of the Navy, operate from aircraft carriers. The same var-
ied requirement is true for the avionics, since the mixture of aircraft vary from
V/STOL to supersonic bombers. This flexible requirement to expand, reduce, or vary
the capability of the landing system and be compatible with military and civil sys-
tems is not possible with ILS.

Siting Problems

The wave length transmitted by ILS in its operating bands, VHF and UHF, results
in a need to use the ground as a signal forming surface and also rakes it susceptible
to interference from reflecting objects in the vicinity of the rmway. Irregularities

4



in the terrain, large hangars and other structures, or large aircraft taxiing near
the runway can cause significant deviations in the guidance signals. Overcoming
these limitations is in mny cases prohibitively expensive.

The glide slope, particularly, requires a flat area in front of the antenna
which often necessitates expensive and costly site preparation. In some cases, pro-
hibitive costs have prevented installations or forced commissioning of ILS with higher
than normal minims. Approximately ten percent of the presently commissioned IIS
facilities have published operational restrictions as a result of signals in space
which do not met the established tolerances; this includes constraints to the flow of
taxiing aircraft during arrival or departure, thereby affecting IFR airport capacity.

System Outages

Bad weather, particularly during winter months has significantly reduced the
reliability and availability of ILS, often when it was needed most. A study of un-
scheduled outages for a ten-year period from 1963 through 1972 revealed that annual
peaks in outages and outage hours occur consistently in the winter months.

Heavy snow on the ground in front of the glide scope antenna, particularly where
less than optimum terrain exists, changes the reflection of the ILS glide scope
transmission. In some cases, this effect is sufficient to require that the facility
be shut down as operationally unsafe. The resulting aircraft delays due to glide
slope unavailability in these conditions have contributed significantly to airline
operating costs (see section 1.2).

Signal Quality

When an aircraft is on an ILS approach, the deviation in signal caused by an
aircraft taxiing near the localizer or a roughness in the signal may appear to the
pilot as a flick of the localizer indicator needle. Such a transient response in an
electronic device is familiar and requires no action on the part of the human pilot.
In fact, it usually occurs so rapidly that no human response is possible. Today's
autopilots are necessarily designed to react slowly to such undesirable fluctuations
in the ILS signals. Unfortunately, an autopilot so restricted will also respond as
sluggishly to deviations in the flight path caused by wind shear, power loss, or
other conditions for which a rapid response is desirable. Since the undesirable de-
viations caused by ILS fluctuations uust be designed out of the autopilots response
range, the result is that the quality of the poorer ILS facilities is the con-
straining factor on the wind shear response capabilities of the aircraft autopilot
even when it is operating at the finest Category III quality IUS facility. Therefore,
this dampened response significantly restricts the potential aircraft coupled
performance under wind shear condition.

CAPABILITIES OF MS

A short historical background of the KS development program and its present
status along with a brief discussion of the ways in which its technical capabilities
have the potential for overcoming the limitations of the ILS are presented in this
section.

5
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History of ILS

The need for a new precision approach and landing system was documented in the
Department of Transportation's Air Traffic Control Advisory Conmittee (ATCAC)
Report 2 of December 1969 and by RTCA in its SC-117 Report 3 of December 1970. The
ATCAC Report indicated that the projected demand for air traffic control services
would outstrip the capabilities of the present system and concluded that a Microwave
Landing System (MLS) was required as part of the future National Aviation System.
Approved by FAA and DOT, the ATCAC Report added impetus and importance to the work
of RTCA SC-117 which, after 3 years, produced a comprehensive recommendation for "A
New Guidance System for Approach and Landing." The MLS program was conceived as the
mechanism for developing and implementing a new system intended to meet both civil
and military requirements through at least the year 2000. This program established
a three-phase development program as described in the National Plan for Development
of MLS 4 , dated July 1971, which was jointly prepared by DOD, NASA, and DOT/FAA, all
of whom are program participants.

The program is currently in the third phase with two Basic and two Small
Community ground system prototypes of the TRSB MLS being tested and evaluated. A
number of matching avionics systems have also been delivered to permit a comprehensive
FAA, DOD and NASA service test and demonstration (ST&D) program prior to full scale
implementation.

During the late 1960's, when the need for a new landing system was recognized K
and the work toward establishing a new international signal format for such a system
was beginning, a number of systems were developed employing transmissions in the mi-
crowave frequency band because the advantages of microwave operation overcome many of
the problems of the present ILS, and could provide additional capability. Many of
these systems (IULL, CO-SCAN, TALAR, etc.) are in operation today in civil and mili-
tary service throughout the world. The major difficulty with all of these systems is
their lack of a comnmn signal format (operational compatibility). Airborne equipment
designed to operate with any one of these systems is virtually useless with any of
the others.

Interim Standard Microwave Landing System

The FAA held a competition and selected as an Interim Standard Microwave
Landing System (ISMLS) the system deeloped by Tull Aviation Corporation. Although
this system does not satisfy all of the long term requirements, it offered an
available short term solution to the siting problems of ILS until the national MIS
was developed. Two ISMLS facilities have been commissioned for public use and
several more are planned. Although eligible for funding under strict guidelines
prescribed by the FAA, the facilities established to date have been state funded.
FAA policy states that the ISMLS will remain as the interim system until the national
MLS is available.

MIS Technical Improvements

MLS provides technical capabilities which overcome many ILS limitations and
further provides improved performance to meet the requirements desired for a future
precision approach and landing system. Some of the more important capabilities are:

6



a. Increased number of available channels

b. Operational flexibility

c. Reduced susceptibility to siting problems and adverse weather

d. Mbre precise higher quality signal-in-space

Miciowave Operation. In the microwave frequency band, 200 channels are available
fbrS. These are estimated to be adequate to meet all conceivable future channel
requirements.

Microwave operation allows physically smaller antenna systems which do not
require a reflecting surface as does ILS, and will therefore, require only minimum
site preparation costs. Since the signal is not required to reflect off the ground,
as is the case with the ILS glide slope, susceptibility to snow and other adverse
weather conditions is virtually eliminated with MLS.

The use of microwave frequencies greatly reduces the reflection of signals
from hangars, terrain, aircraft and other objects near the runway. The critical
areas needed to install MLS at airports are small and, therefore, permit greater
freedom of choice regarding site selection.

The small antennas and shortened wave lengths permit a system design that
affords ease of installation, is relatively insensitive to siting problems, and has
high reliability. These capabilities also enable MLS to meet the military require-
ments for a portable, precision approach, tactical system.

Scanning Beam Digital Design. The narrow scanning beam with digital design reduces
multipath effects from natural and man-made environmental factors, including taxiing
or overflying aircraft. As a further consequence of this ability to precisely
control the radiated signal pattern, many reflecting objects in the coverage area
need not be illuminated to reduce the probability of multipath.

Operational flexibility with MLS is maximized through the design which provides
precision guidance to as much as 600 on either side of the runway centerline at
large airports. The elevation guidance system is similarly designed to provide 200
selectable glide slopes. Since the covered sector is completely scanned by the
narrow beam, the aircraft avionics can determine its three-dimensional position in
space from azimuth angle, elevation angle and 11E range anywhere within the sector.
This feature of the wide angle proportional coverage provides many new operational
capabilities such as area navigation for curved approaches which will enable the ap-
proach path to be structured to minimize noise impact on comnunities surrounding air-
ports and improve IFR airspace efficiency.

Due to the improved MLS signal and digital design, quality guidance signals are
available further down the glide path, and autopilots may be designed to react more
quickly to change in signal strength, thus improving aircraft response to wind
shears and other real off-course conditions. Other important benefits are obtained
from the digital design of the TSRB MLS. The use of "time-gate tracking" logic in the
avionics aids in minimizing the effects of multipath reflections and further improves
the integrity of the signals to the autopilots. Digital design also facilitates the

L7



transmission to the aircraft of useful auxiliary data such as, runway visual range,
wind velocity, runway conditions, operational status of the ground systems, and other
ATC information.

Through careful design, MS maximizes the advantages of microwave frequencies,
including: the availability of 200 channels; increased operational flexibility;
relative immunity to siting and environmental effects; improved system reliability;
and reduction of ground system costs in the areas of site preparation, maintenance,
and flight inspection.

8
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CHAPTER I

ECONOMIC ANALYSIS

1. 1 INTRODUCTION

This economic analysis of implementing the Microwave Landing System (MLS) pro-
gram versus continuing with the Instrument Landing System (ILS) program consists of
a comparative accounting of incremental benefits and costs. Investments in MLS and
ILS were compared to the same required level of precision guidance service (i.e.,
Categories I, II, or III). The levels offered by the two equipment types were
estimated to grow at identical rates up to a system requirements level by the year
2000 of a national network of 1250 ground systems.

For the purposes of this benefits-cost study, the following precision guidance

implementation program alternatives were analyzed:

1. Continue with the ILS implementation program; or

2. Implement MLS as the national replacement for ILS.

At present, some 600 ILS systems are operational at 409 airports. Under the
present Airport Planning Standard, the number of airports receiving ILS service is
estimated to increase by 300 during the next 20 years.

Although there is sufficient engineering data developed to document the fact
that MLS equipment provides a technically superior signal, no benefits were claimed
for the MLS due to a superior quality signal if the ILS equipment was estimated to
be able to perform to the nominal performance required for Categories I, II, or III
levels of service. A differential benefit was assigned to the MLS, however, if it
was determined that the requirements for Categories I, II or III levels of service
could not be met with ILS equipment but that these levels could be reached with
MLS.

For example, in estimating the benefits for improved safety due to precision
guidance service, equal benefits were assigned to the ILS and MLS if service was at
full unrestricted CAT I levels. A "restricted" approach is defined as one which is
operated at less than full decision height and rmway visual range (Ifi x RVR).
Partial or restricted levels of service were not considered sufficient to warrant
the assignment of partial amounts of safety improvement benefits. In other words,
an ILS or an MLS operating at below Category I level, e.g., CAT 0.5, would not be
assigned a 50 percent portion of the dollar benefits for improvements in safety
that could normally be attributed to a Category I level of service. However,

. ,.1-1
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partial benefits were estimated for less than full service in the Flight Disruptions
benefit category if an ILS or MLS system were determined as being able to provide
undisrupted service when the level of restricted service was below weather minimums.

Degrees of "restriction" for flight disruptions were established as low, me-
dium and high based upon an historical survey of existing installations. Of a to-
tal of 153 installations surveyed and estimated to provide restrictive CAT I ser-
vice, 106 were determined to have a minimal restriction of 300 ft x 1/2 mi. or less
instead of a full service rating of 200 ft x 1/2 mi. These systems were designated
as a low restriction. Some 47 additional systems were determined to have restric-
tions in excess of 300 ft. x 1/2 mi. and less than 800 ft. x 2 mi; these were
designated as medium. Nine installations were found to provide service in excess
of 400 ft. x 1 mi; these were designated high. In addition, nine of the present
restricted installations that are above 800 ft. x 2 mi. were also designated high
restriction. The estimated distribution of restricted systems based upon the
survey of present installations was determined to be: 62 percent low, 28 percent
medium and 10 percent high. This same distribution was assumed to hold for future
ILS installations at those sites where it was estimated that MLS equipment would
operate to the full required category service level. The increased number of runway
locations that can offer less restrictive service with MLS is the essential discri-
minant in the assignment of incremental benefits ($MLS program benefits minus $ILS
program benefits).

The study required that all differential benefits estimated for MLS must result
from a system design characteristic that is unique to MLS. For example, the MLS'
ability to (1) alleviate the signal-in-space effects of siting problems associated
with the installation of ILS at some airports, or (2) the MLS' curved approach capa-
bility that may result in the removal of obstruction restrictions at selected locations
or (3) the ability to alleviate the impending problem of a shortage of ILS frequency
channels are all significant contributors to the estimates of incremental benefits
determined by the study as occurring to the MLS program.

The analysis attempted to compare required levels of service that were, at
least, identical. An essential feature of the MLS is that it will provide service
at least as great as the ILS, and in many locations the service offered will be at
a higher level of performance. However, for some installations nominal levels of
service can not be achieved with either ILS or MIS equipment. Typical reasons for
the reduction in levels of service at various locations were no approach lighting
under obstructions in the flight path. At these locations, MLS equipment even with
the capability of providing curved approaches may not result in improved service.
But, the rigid rule under which the economic analysis was conducted still holds:
the level of service provided by the MLS is at least equal to, and frequently greater
than, the service provided by the ILS at all airports and runways located throughout
the National Aviation System, and for every year of the entire life of the program.

1.1.1 Implementation Strategy

The implementation strategy used in the economic analysis consists of a 20 year
planning horizon starting in FY-1980. The MS implementation program alternative is
assumed to be divided into two time phases; a transition period and a post-transition
period, or normal state. The inclusion of a transition period is an essential feature
of the economic analysis. There could be no calculation of benefits and costs with-
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out it. In effect, it is the implementation strategy used for installing KLS equip-
ment. During the transition period, MLS equipment, both avionics and ground sys-
tems, will be implemented at a constant, linear, rate to the full nmnber of systems
and level of service that would have been provided by the ILS implementation pro-
gram by the end of the transition period. During the MS program, ILS installed
by the year 1980 (the start of program period) will be maintained and can, there-
fore, be used until the end of the transition period or beyond if such a transition
decision is made. For analysis purposes, the length of the transition period was
considered to be a parameter of the study and periods of from 1 to 15 years were
considered. A period of 10 years represents a realistic, nominal, example for the
transition period's duration, and the estimates of benefits and costs provided below
are based on this example. Analysis results based on other example transition
periods are provided in the Sensitivity Analysis Section 1.6.

Although a transition-implementation strategy had to be assumed for the pur-
poses of this analysis, evaluations of alternative implementation strategies were
not a part of this study. The analysis of alternative strategies is being con-
ducted by FAA's MLS Transition Planning Group and will subsequently appear in a
separate document. A discussion of this effort is included in Appendix A.

Figures 1.1-1 and 1.1-2 are generalized pictorial representations of the
study's assumed I1S and MLS implementation programs. The estimated pattern for the
future implementation of ILS is shown in Figure 1.1-1 as growing from the present
level of about 600 systems to 1250 systems by the year 2000.
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The 1400 system growth limit identified in the ILS Implementation Schedule is
a result of the ILS channel limitation problem that will not allow growth above
this level (discussed in Section 2.3).

In Figure 1.1-2 (the MLS implementation program) the MLS installations begin
at the start of the program year in 1980, and grow at a linear rate to the same
number of ILS installations in place by the end of the transition period in 1990
(Figure 1.1-1). Also during the MLS implementation program the ILS will be main-
tained at its growth level in 1980 (MLS program start).

The study made all the analytical assumptions and cost adjustments necessary
to assure that there would be no deterioration in service to the user of the Na-
tional Aviation System during the transition from ILS to MLS. During the MLS
program, when ILS avionics equipment wears out during the transition period it will
be replaced with both ILS and MLS avionics. New aircraft entering the fleet during
the transition period are, likewise, assumed to be equipped with both ILS and MLS
avionics. The estimated investment and operation and maintenance costs of carrying
both avionics systems were charged to the MLS program for the length of the transi-
tion period.

For ground installations, a similar assumption of no deterioration in ILS ser-
vice was made for the transition period. To support this assumption, the following
analytical procedure was used: all airport runway locations currently equipped
with ILS, plus those additional installations made by the year 1980, were estimated
as continuing to provide this service. The MLS was implemented as a redundant or
parallel system until the end of the transition period. The costs to operate and
maintain a redundant network of ILS and MLS ground equipment were charged to the
MLS program until the end of the transition period.

The study's assumption of a finite transition period was made for analysis
purposes only. There is little likelihood that a regulation will be issued to the
effect that, "No ILS operations will be permitted after midnight on the last day of
the transition period". For analysis purposes, however, the end of the transition
period did signal the discontinuance of the method for charging the ILS operations
and maintenance costs. The cost burden of carrying the ILS system will no longer
be charged to the MLS once the transition period ends. In addition, the transition
period provides an analytical method for phasing out the ILS without causing a
degradation in service, a necessary feature of the analysis of benefits and costs.
However, from an operational point of view, it is not unrealistic to assume that
there will be a post transition period of some given duration during which both MLS
and ILS equipment will provide service. But, these operational considerations do
not have to be consistent with the strict limitations imposed for the purposes of a
benefit/cost analysis.

It is important to note that the MLS implementation strategy which was assumed
by the study may not represent the best possible choice of strategies. There is
only one implementation strategy which maximizes the rate of return on investment,
and that is to install MLS where the need is greatest up to the maximn level set
by budgetary constraints. A location's need for MIS is measured by the anticipated
ratio of incremental ($MLS-$ILS) benefits to costs resulting from a postulated
installation.
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There is a circular argument operating here in that one cannot calculate these
benefits and costs without starting with some implementation strategy. The usual so-
lution to this circular impasse is to start with a generalized assumption about how
benefits are related to the continued implementation of the program being studied.
Typically, the dollar benefits resulting from investments in FAA programs can be re-
lated to some measure of activity at a given facility: the more operations, for ex-
ample, the greater is the probability of (a) an accident, or (b) a delay, and, hence,
the greater the opportunity for improvement. The specific and important benefit cat-
egories in which MS equipment can be expected to make improvements, include the
ability to alleviate such installation problems as difficult site preparation, and
the limits to implementation imposed by ILS channel limitations. But, these problems
may be unrelated to a measure of the airport's operations activity, and, hence, a
strategy which installs MLS equipment according to such activity does not represent
the true need for this equipment. In effect, then, the assumption of a uniform and
linearly implemented program which includes an appropriate accounting for all benefits
and costs -- those related to airport activity as well as those not related to ac-
tivity -- enabled this study to determine a comparative estimate of the ratio of in-
cremental benefits to costs for specific airport categories and user groups. Based
on these results, the determination of a unique and maximum calculated rate of return
on investment can then be made by invoking the desired strategy that implementation
take place on the basis of a descending ratio of incremental benefits to costs, up to
an annual dollar amount set by budgetary constraints. Thus, the assumption of a
transition period should be viewed as part of a two-stage evaluation process: (1)
it provides a general indication of the need for MLS equipment, i.e., a verdict of
the advisability of investing in MLS is possible, as well as providing an indication
of the need for MS by separate categories of airport type, and user group and
service level (CAT I, II, or III); and (2) then, this identification of need accord-
ing to separate categories is amenable to a follow-on analyses of alternative KIS
implementation strategies that can now be constrained to any budgetary limit.

1.1.2 Categorization of Benefits and Costs

As a direct consequence of the above discussion related to alternative imple-
mentation strategies, it follows that an economic analysis must include the calcula-
tion of incremental benefits and costs separated into the individual categories of
airport types and user groups. These categories can be combined in varying combina-
tions and time sequences in an attempt to determine the best strategy. In addition,
there is an implicit obligation to not only evaluate a program's ability to satisfy
any given requirement level but to establish the limits of prudent investment as these
requirements are estimated to grow. Innovative programs, those derived from efforts
in E&D, are generally not able to provide a favorable verdict for investment when re-
quirements are set by current system performance capability. The incumbent system
usually has an inherent advantage under these circumstances. As a result, new pro-
grams can, as a practical matter, never be justified under the limits imposed by the
status quo. It is only when the requirement forecast is for greater capability, that
a new program can be evaluated properly. But, this imposes a responsibility on the
analysis to determine the "turning points"; the future requirement levels at which
the ratio of benefits to costs becomes favorable to the new program. Thus, a general
characteristic of the present economic analysis is that separate benefit to cost
ratios were determined for the following individual categories: (1) the aviation user
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groups, (2) the FAA, (3) various airport location types, and (4) levels of precision
guidance service.

(1) User Groups:

a. Air Carriers - domestic owners of aircraft, with domestic and inter-
national passenger service

(Including passenger time)

b. Commuter Airlines

(Including passenger time)

c. General Aviation, owners of aircraft classified as,

1. corporate jets

2. multiple engine propeller (including turbo-prop)

3. single engine propeller

d. "Federal Aviation Administration"

(2) Airport Types:

a. Large Hub. A principal air carrier airport with the estimated re-
quirement for at least one runway to be equipped to a CAT III level
of service by the year 2000. A total of 40 airports meet this de-
scription. At these airports there are presently 81 runways equipped
with ILS to a nominal level of CAT I service; 21 runways are equipped
with ILS to CAT II service; 2 runways are equipped with ILS to CAT III
service.

b. Medium Hub. A basic air carrier airport estimated to have a require-
ment for at least one runway with CAT II service by the year 2000. A
total of 110 airports are in this category. At these airports there
are presently 137 runways equipped with ILS to a nominal level of CAT
I service; 11 runways are equipped with ILS to CAT II service.

c. Small Hub (current and future candidates). A small community and re-
liever airport with at least one runway currently commissioned with
CAT I service or with a runway that will qualify by the year 2000
under current APS-1 criteria. A total of S00 airports are in this
category with, at present, 276 runways currently equipped with an ILS
providing CAT I service.

d. Small Hub (candidate by the year 2000; revised APS-1). A small commu-
nity and reliever airport with no present installation of an ILS, but
having at least one runway which will qualify for a CAT I ILS by the
year 2000 under revised APS-l establishment criteria; for example, the
ILS establishment criteria for air carrier airports were extended to
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include commuters. Approximately 100 airports and runways are included
in this category.

e. Small community (candidate by the year 2000; revised APS-l). A small
community airport with no present installation of an ILS, but would
qualify for one runway equipped to CAT I service if establishment cri-
teria were revised. Approximately 150 airports and runways would be
included in this category.

(3) Required Service Levels:

a. CAT I 200 ft. Decision Height (DH);
2400 ft. Runway Visual Range (RVR)

b. CAT II 100 ft. Decision Height (DH);
1200 ft. Runway Visual Range (RVR)

c. CAT 111* 0 ft. Decision Height (II);

200 ft. Runway Visual Range RVPI)

1.1.3 Discounting of Costs and Benefits

Another feature of the economic analysis is the determination of the relative
attractiveness of an investment in MLS estimated at alternative "rates of discount," r.
A discount rate of r = 0.10 is prescribed by the Executive Office of Management
and Budget (OMB) as appropriate for estimating the effect of different time horizons
required for alternative investments, and to reflect the fact that an investment dol-
lar expended one year earlier has an impact which is 10 percent costlier than an
expenditure made a year later. This impact is compounded, at the same rate of 0.10,
for annual investment expenditures made for 2, 3 up to "t" years earlier, i.e. the
investment becomes increasingly more expensive at a rate of (1.10)2, (1.10); (1 + r)t.
The rate of discount of 0.10 is prescribed by (NB as their estimate of the opportunity
lost in not investing in some other program from a vast array of program alternatives
available to the Federal Government, all yielding a rate of return on investment of
0.10. This same discount rate is prescribed for use when estimating future benefits.
Near term benefits are estimated to yield a greater dollar reward; future benefits,
to be derived in year "t," are estimated at a reduced rate compounded at [1/(l+r)t].
The 0MB guidelines were strictly adhered to in calculating the benefits and costs
accruing to the FAA. However, in estimating the costs incurred in the private
sector, it was considered appropriate to examine other, non-governmental, rates
of return on investment. Thus, to a private investor forced to finance an investment
out of borrowed funds, the ability to earn money from alternative future investments
does not realistically result in a "discounted" cost to him, but rather in an added

*Although operational evaluations of the relative advantage of MLS vs ILS have been
conducted for various levels of CAT III service up to the level of 0/0, or fully
automatic landings (CAT IIIc), the economic evaluation considered basic CAT lia
level of service only.
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investment cost required to induce "others" (i.e. financial institutions) to forego
their alternative investment opportunities in order to lend him the money. This
extra cost consideration is important to those users who purchase fleets of aircrafts,
e.g., the air carriers. The study, therefore, not only included an examination of
alternative, higher, discount rates, but considered the extra capital costs to the
aircraft owner resulting from the need to borrow money at these same rates
(see Sensitivity Analysis Section 1.6).

However, since there are many other studies under review by CMB which involve
the need for a combined private and governmental investment, it would not be possible
for CtB to compare these studies, if a variety of discount rates were presented for
governmental review. For this reason, the dollar estimates shown in this volume are
discounted at the tMB prescribed rate of 0.10. Appendix B contains a further dis-
cussion on discount rates. The method used for including the costs of borrowing
capital in estimating the avionics costs for aviation users is, likewise, discussed
in Appendix B. The effect on the over-all study conclusions of including the
costs of borrowed capital as well as the effect of higher discount rates is discussed
in the section on Sensitivity Analysis provided at the end of this chapter. The al-
ternative discount rate considered is r = 0.12; this represents the average estimated
costs of borrowing funds in today's conmercial money market. All private, non-FAA,
investments in MLS (air carrier, commuters and general aviation) were evaluated at
this alternative rate of discount.

Other features of the economic analysis include the usual mandate to evaluate
all benefits and costs in dollars of equal purchasing power. All dollars shown in
the study are (present value) 1976 dollars. Moreover, the dollar values for the
benefits which accrue will be at a considerable discount. At the "low"' rate of 0.10
prescribed by OMB, benefits will start to accrue in 1986 at a dollar value equal to
approximately 38 cents (1976 = $1.00). By the end of the transition period, in 1990,
when MLS is no longer assessed the costs of ILS as a redundant system the dollar will
be worth only 26 cents. And by the end of the program horizon, in the year 2000,
dollar benefits will be valued at 10 cents.

Throughout the economic analysis incremental benefits will not start to accumu-
late until after one-half of the transition period has passed. At that time, it is
assumed that half of the investment in both ground and airborne avionics systems
will have taken place. Benefits are thus estimated to begin to accrue at 50 percent
of the annual value and will grow at a linear rate of 10 percent per year until the
full 100 percent of calculated benefits are assigned to the last year of the transi-
tion period. Benefits remain at 100 percent of calculated values until the end of
the program.

The reasonableness of the above assumption concerning the accumulation of bene-
fits depends, to a significant degree, on the degree of concentration of aircraft at
given major airport locations. For example, suppose Kennedy International (JFK) is
equipped with MLS ground equipment during the start of the MLS program year 1980.
The early implementation at this illustrative location suggests that a determination
was made that JFK has a special need for an MIS. Aircraft operating out of JFK will,
therefore, need to be equipped with MIS avionics at an earlier date. But these
aircraft fly to other airports. In fact, a relatively small number of interdependent
airline users and airports form a transportation network that accounts for a large
share of total airline operations. There is a realistic expectation, therefore,
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that those aircraft already equipped with MLS avionics in order to operate out of
JFK will begin to accrue benefits at a second and subsequent airports immediately
after MLS ground installations are made at these other airports in the network. The
rate of accumulation of benefits at the second airport is enhanced by its being
linked in a network to the first.

There is an additional consequence resulting from the interdependency of air-
ports and aircraft combined in a network that has a direct effect on the ratio of
incremental benefits and costs being used to evaluate a decision to implement MIS.
Suppose, for example, that this ratio were less than 1.0 for the group of 40 major
hubs, type A airports, defined in this analysis. A cursory verdict might be that an
MLS investment at these airports is not warranted because, on the average, benefits
don't exceed costs. But, suppose now that one were to begin to implement MLS in a
sequential order, starting with the airport with the highest ratio of incremental
benefits to costs. The avionics costs for aircraft operating between JFK and DCA can
now be regarded as "sunk costs" when an MIS implementation is contemplated- at DCA,
after a decision to implement has been made at the first airport. The early
return of benefits to DCA as well as the off-loading of a large portion of the avion-
ics costs for its users now makes DCA a more attractive investment opportunity. The
ratio has turned in favor of MLS. Similar results accrue to ORD, LAX, and other
airports that might be added sequentially. An analysis based on this sequential
implementation might indicate that a favorable benefit-cost ratio for just a few
airports out of the total of 40 major airports would, if implemented in the proper
sequence, result in a favorable verdict for all.

For these reasons, an investigation of the degree of commonality of user air-
craft operating in a airline transportation network was undertaken. The network was
limited to the matrix of possibilities resulting from operations out of 27 major
airports; the network for which data were available. The actual traffic patterns
between these airports were provided by statistics from the CAB. A fleet allocation
model was devised to have the same general characteristics as the fleet presently
operating out of this network of 27 airports, i.e., the same fleet size, aircraft
capacity, load factor and hourly utilization.

The results confirm expectations. Four example airports were selected for the
case study analyses. The studies are described in Section 2.2; Improvements in
Major Airport Performance, and the benefit analysis for each airport is in section
1.2.2.S. The network effects model postulated the early implementation at the case
study airports: DCA, JFK, SEA, SFO. As a result of implementing MLS at these four
airports out of a total network of 27 examined (a 15 percent rate of ground system
implementation) there is a resulting 30 percent implementation in the rate of equip-
page of aircraft avionics. In other words, the rate of avionics implementation
would be double the rate of ground installations.

No dollar benefits were assigned as a result of the above analysis results. The
discussion does, however, serve to remind us that the calculation of an incremental
benefit to cost ratio at a specific airport depends upon the actual sequence used in
impleventing MLS. It also demonstrates the need to recognize the benefits to be
gained from exploiting the interdependent effects between airports when making plans
to implement ground installations. Finally, the discussion confirms that avionics
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equippage may outpace the rate of ground implementation, and that the accumulation of
benefits estimated as 50 percent of full levels by the year 1986, may be a con-
servative estimate for airline users in network operations.

The study has deliberately chosen to use conservative assumptions in estimating
both the incremental benefits and costs for the MLS in comparison to ILS. The effect
of making changes in these assumptions is shown in the Sensitivity Analysis Section
1.6 provided at the end of this chapter.
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1.2 DETAILS OF TrHE ECONOMIC ANALYSIS

1.2.1 Introduction

This section provides quantitative dollar estimates of the benefits and costs
associated with investing in MLS equipment, compared to ILS. The analysis will
include only those items, benefits or costs, which can be estimated in dollars. The
reader probably does not need to be reminded that many of the essential contributions
of "vital" programs--an adjective which does, of course, prejudge the issue--can not
be estimated in this manner. The intent, however, is not to morunt a critique of the
methods used for making investment decisions but, rather, to advise the reader that
every attempt was made to have all quantitative estimates included in this section
conform to the rules of good analytical practice; assumptions are stated explicitly,
and all calculations based upon them are verifiable.

1.2.2 Analyses of Benefits

The list of benefits categories included in the economic analysis is shown in
Table 1.2-1. There are a number of additional benefit categories which could not be
reduced to dollar estimates and these are discussed in Chapter 2, '"LS Technical and
Performance Requirements." In keeping with the previous discussions concerning the
general characteristics of this analysis, the list of benefits included here has
been classified according to airport types (A through D), user groups (airline or
general aviation) and service levels (CAT I, II or III). Some benefit categories,
such as Improved Safety, are estimated to be attributable to CAT I service levels
only. Other categories, such as Reduced System Outages, cannot be classified
according to the level of service, and are applicable to major airport locations
where delays occur. The benefit category Eliminate Channel Limitations is, however,
a system-wide benefit that depends on the total number of required ground instal-
lations, and is available to all users, airport types, and service levels.

The benefit categories of Improved Safety and Reduced Flight Disruptions are the
basic criteria2 currently used by the FAA for establishing the need for precision
guidance landing systems and they remain so in this analysis. No attempt was made to
differentiate the relative quality of service offered by the NLS vs ILS at a stated
service level: CAT I, II or III. Dollar estimates were not assigned to a superior
quality of MLS signal if the ILS could perform to the required service level. But,
in estimating "Improved Safety" an incremental benefit was assigned to MLS for those
ItS locations that are currently "restricted!'--i.e., they do not provide full CAT I
levels of service--and where it is estimated that MLS equipment will allow for the
removal of the restriction which is causing service levels to be below CAT I. For
the safety category, both systems, MLS and ILS, were assigned the identical dollar
benefit if full-service levels could be met; zero benefits were assigned to either
system if it could not meet full requirements. The differential benefit to MLS was
based upon its estimated capability to remove those restrictions basically due to
signal-in-space problems, or its ability to avoid ILS channel limitations and to pro-
vide precision landing service at its full nominal value.

For the benefit category of Reduced Flight Disruptions, those ILS installations
which are "restricted' (i.e., they provide service above the levels set for CAT I, II
or III) were not considered as providing zero benefits even though it was estimated
that these restrictions could be removed by MLS installations. Therefore, only a
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Table 1.2-1. Catalog of Benefits

Airport Types A B C D E

Service Levels I II III I II I I I

Benefit Categories:

1. Improved Safety A/G 0 0 A/G 0 A/G A/G A/G

2. Reduced Flight A/G A/G A/G A/G A/G A/G A/G A/G
Disruption
Delays

Diversions
Cancellations
Overflights

3. Reduced System Outages A/G A/G A/G 0 0 0 0 0
(delay savings)

4. Reduced Airspace and A/G A/G A/G 0 0 0 0 0
Gund Constraints
(delay savings)

5. Reduced Path Lengths A A A A A 0 0 0

6. Eliminate Channel A/G A/G A/G A/G A/G A/G A/G A/G
Limitations

User Groups :
A =Airlines (including Commuters)
G = General Aviation

portion of the disruptions at ILS restricted locations was estimated as providing
a differential benefit to the M.S. The portion assigned to the MLS was based on a
survey of the present inventory of ILS installations and a determination of the degree
of restriction in levels of service. This survey revealed that some 153 present-day
ILS installations provide restricted CAT I service: 106 C62 percent) of these pro-
vide C'low" restriction) service up to 300 ft. x 1/2 mile (Ili x RVR), 47 (28 percent)
provide ("mediun" restriction) service up to 400 ft. x 1 mile and 9 provide ('high"
restriction) service above 400 ft. x 1 mile. In addition, it is estimated that there
are 8 runway locations that qualify for the installation of precision guidance equip-
ment, under present installation criteria, but where an ILS cannot be economically
installed. These 17 locations are included in the "high restriction" category, an
estimated 10 percent of the total.

All future installations estimated as having their restrictions remved with N4S,
were assumed to have the same distribution of restricted installations as those found
in the present inventory: 62 percent low, 28 percent medium and 10 percent high.
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The reductions in flight disruptions determined for these MLS-improved installations
were based upon the frequency of flights occurring in the interval shown in Table
1.2-2, obtained from national averages of weather data. The number of future in-
stallations estimated to have improved, "restrictions-removed," service with an MIS
is 86 out of a total of 328 installations forecast as providing restricted service
in a network of 1250 systems to be installed by the year 2000. This represents
an improvement in service at 26 percent of the restricted locations. The ILS
channel problem is estimated to cause all ILS installations that would be imple-
mented beyond the level of 1400 systems to provide "service" which is totally
restricted (non-operational).

Table 1.2-2. Distribution of ILS
Installations Currently Providing Restricted Service

Service Interval between: Number of Systems % of Total

Low: 200 ft. x 1/2 mi. and 300 ft. x 1/2 mi. 106 62

Med: 300 ft. x 1/2 mi. and 800 ft. x 2 mi. 47 28

High: 800 ft. x 2 mi. and 1500 ft. x 3 mi. 17 10

Total: 170 100

A critical assumption underlying the determination of incremental benefits
(MLS-ILS) for the categories of Improved Safety and Reduced Flight Disruptions
is the answer to the key question:

What is the value of precision guidance service to restricted levels of
250 ft. x 3/4 mi., 300 ft. x 1 mi., etc?

In providing an answer to this critical question the study thought it advis-
able to rephrase the question in order to make it more meaningful:

What is the value of precision guidance service to levels of 250 ft. x 3/4 mi.,
300 x 1, etc., when an alternative exists that provides 200 ft. x 1/2 mi..?

The point of rephrasing the question is to emphasize that the contribution an
ILS makes in improving safety and reducing flight disruptions is recognized and
understood by the study. These contributions provided the original justification
for installing the ILS, and this justification is not being challenged. But, there
is now an alternative equipment that provides beneficial features that go beyond
those provided by the current precision approach system, and a decision must be made
concerning how much the ILS is worth when faced with the MIS improvements. The
question is analogous to the one raised in comparing the worth of a DC-7 at the time
that jet aircraft were introduced. The previous use of the DC-7 is not degraded
by the introduction of the B-707. In fact, DC-7 aircraft were among the first to
provide non-stop transcontinental service. The airlines prospered from its opera-
tion during the decade of the 50's. However, the DC-7 was retired from transcon-
tinental flights when the question of how much is it worth to fly crosscountry in
5 hours by DC-7 when it can be done in 3-1/2 hours with a B-707 was answered in
favor of the B-707. The comparative worth of the new vs. the old involves the
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subject of metaphysics, and answers to these questions dealing with this subject
typically take longer to resolve than the time allotted for this study. Suffice
it to say, that in order to know whether the situation for the MLS vs. ILS is anal-
ogous to that for the DC-7 vs B-707 or whether we are dealing with superficial
changes in system performance requires that all operational and dollar-quantifiable
differences between the MLS and ILS be stated explicitly, and that these differ-
ences be supported by technically sound judgments.

The study's answer to the question of how much restricted service is worth
when an alternative exists that provides unrestricted service, is provided in the
next two sections, "Analysis of Improved Safety Benefits" and "Analysis of Flight
Disruption Benefits."

1.2.2.1 Analysis of Improved Safety Benefits. These benefits are attributed in
the study to CAT I service levels only. The historical record for CAT II landings
are available for only a small sample of operations. This data base is insuffi-
cient for determining the probability of an accident while receiving CAT II service.
Indications are, however, that CAT II accidents are rare and that an extra measure
of safety is provided by this level of service. Similarly, CAT IIIa type (auto-
land) landings are routinely made, in all weather conditions, by some British
(Trident) aircraft equipped to this level. But, since there is no comprehensive
historical record to support the preliminary view that safety benefits do accrue
to CAT II and CAT III levels of service, they are not included in this analysis.

The basic calculation for safety benefits shown in the FAA's Airport Planning
Standard (APS-l) criteria for establishing an ILS on a candidate runway location,
report number ASP 75-1, is of the following form:

$ Value ILS (or MLS) Activity % Runway Use
ILS (or MLS) Activity . Per Airport x Total Airport Runways

($ V) x (A) x (P)

The Airport Planning Standard's (APS-1) Establishment Criteria (ASP-75-1)
suggests that the appropriate measure for ILS activity at an airport is the number
of Aircraft Instrument Approaches (AIA) recorded by the FAA. An AIA is defined as:

AIA: "An approach to an airport, with intent to land by an
a--craft flying in accordance with an IFR flight plan, when
the visibility is less than 3 miles and/or when the ceiling
is at or below the minimum "initial altitude."--From the FAA
Glossary, 1975 (Report: 1000.1SA).

It is important to note that an AIA is intended to be recorded only when there
is IFR weather. Thus, from the Establishment Criteria, we read:

"Bearing in mind that an instrument approach is counted only if
the aircraft is on an IFR flight plan and (italics, for emphasis)
IFR weather conditions prevail.. ." (AS "-S-1).

There is a twofold error in this measure of the need for precision guidance
service: 1) it is being overestimated at FAA facilities and includes some varying
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proportion of landing operations using precision guidance service in non-IFR weather,
and 2) to be a better measure, it should include 100 percent of all landing opera-
tions in which precision guidance service was used. In other words, an attempt to
make the AIA count more accurate and strictly in conformance with its definition
would only serve to enhance the error in measurement. What is needed is a new
measure that more accurately reflects the actual use of precision guidance equipment.

Table 1.2-3 presents the number of AIA's recorded at major airports during 1975
compared to the estimate of annual weather conditions at these airports. It is
clear that the percentage of time that a landing is recorded as an AIA at a given
major airport exceeds the annual percentage for IFR weather for every airport shown.
Miami (MIA), for example, has instrument meterological conditions (IMC)* only 1.2
percent of the time. San Francisco (SFO) is cited by United Airlines as having the
second best weather conditions on their principal route structure (second only to
Miami), but 16 percent of the landings at this location are listed as AIAs. There
is some correlation of AIAs to weather, but if all records were compiled according
to the prescribed definition, this correlation should be close to 100 percent. The
statistics for AIA's obviously include other data which results in an apparent
confounding of ILS activity data and weather data. Therefore, for the purposes of
this analysis it was necessary to develop a data base that reflected the number of
landings which use an ILS in both IFR and VFR weather. To return to the example of
Miami, a location famous for its good weather, a subjective estimate is that an
available ILS is used for almost 100 percent of the air carrier landings made at
this airport, a usage rate much in excess of the 8 percent figure for AIA's shown
in Table 1.2-3. (And, it should be remembered that B percent is already an exag-
geration of the frequency of true AIA weather conditions.) The reason that an ILS
is used so frequently at Miami, in all weather, is that it is safer and convenient
to do so. It helps prevent landings from being made on golf courses, at the wrong
airport, or on the wrong runway. Since the continued use of AIA's as a measure
of ILS activity results in a significant under-valuation of this activity and the
worth of precision guidance aids, both ILS and MLS, a new measure of ILS activity
had to be devised by the study. Estimates of ILS usage, by user group, operating
under alternative flight rules and weather conditions were made by the study.

Table 1.2-4 provides an estimate, based on subjective judgmentt, of the per-
centage number of times an available ILS runway will be used on the average by air-
craft equipped to make such landings. Using the subjective estimates shown in Table
1.2-4, it is possible to determine the frequency of ILS usage by various user groups;
given some assumption about the distribution between VFR and IFR operations as well
as the percentage of aircraft equipped with ILS avionics. This determination

*A term used by the National Transportation Safety Board, and by members of the
International Civil Aeronatical Organization (ICAO). It would be helpful if this
term were adopted by the FAA, in place of the equivocal term, IFR. By IFR, do we
mean instrument rules, or instrument weather?

tIt is not possible to obtain precise agreement on matters of subjective judgment:
The above Table 1.2-4 is based on the technical knowledge supplied by AEM-200, and
was coordinated informally within FAA and elsewhere. The Air Traffic Service,
NTSB, MITRE Corporation and others, while offering slight changes to the percent-
ages known, were in basic agreement with the high ILS usage figures implied by
Table 1.2-4.
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Table 1.2-3.
I. Comparison: No. of Recorded AIA's in 1975 vs. Instmnt Weather Conditions

at Major Selected Airports

# AIA's/% Landing

Airport Air Carrier Conumter G/A Weather*

# # %#

ATL 36911 17 1020 22 3230 15 6.0
BOS 20450 20 3012 18 2587 10 4.8
CLE 16676 28 2488 31 3717 9 3.3
JCA 16626 17 3106 16 4868 14 2.5
DEN 7382 9 980 9 2120 3 1.8
DTW 11S00 14 1235 19 2743 9 3.6
EWR 6836 11 1995 14 1996 13 4.4
JAX 1813 9 446 14 1040 4 3.4
JFK 14385 10 1223 9 1278 10 4.7
LAS 420 .8 45 .3 133 .1 .1
LAX 53770 31 8414 28 5333 20 5.9
LGA 18620 15 1407 19 4780 16 3.8
MIA 9284 8 1888 15 2371 9 1.2
MCI 8871 16 2309 11 683 6 3.0
MSP 11658 18 1585 20 3452 8 1.9
MSY 6813 16 1014 13 2374 12 3.4
ORD 39588 15 4290 11 2395 9 4.1
PHL 9513 13 4310 12 3435 8 4.4
PIT 25067 29 7258 27 5619 24 3.4
SEA 16314 30 3663 24 1642 15 5.1
SI0 21333 16 0 0 2426 13 2.2
TPA 2293 5 359 4 568 1 2.6
MEM 7151 14 1745 12 4365 6 1.7

Activity Data Weather

From FAA Air Traffic Activity * % of time below 500' x 1 mile
Calendar Year 1975 from: Airport Weather on the

United Ar Line E -stem UA.Meteorology Circular No. 55

II. Estimated Average Use in 1975 of ILS Equipment at Major Airports.
By Civil Aviation User Groups, All Weather.

Air Carrier 0.72 of landings

Couuters 0.72 of landings
G/A 0.074 of landings

Estimate by: FAA/AEM-100 and 200
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Table 1.2-4. Estimated Use of Available

ILS For Equipped Aircraft By Weather Category, User Group, Flight Rule

Air Carrier/Commuters General Aviation

1. Flight Rule, IFR 70% 60%

2. Flight Rule, VFR -- 25%

3. IFR Rules and IMC (Weather) 90% 90%

(FAA/AEM-200; 1976)

is shown in Table 1.2-5 for an example user group: general aviation owners of multi-
prop aircraft. This example calculation indicates that 6.6 percent of all operations
(13.2 percent of landings) made by this user group used an ILS.

Calculations similar to those shown in Table 1.2-5 were performed for all user
groups. The present-day assunptions shown in this table were modified slightly to
accommodate the future program period; the years 1980 to 2000. It was assumed that
during this future time period that the percent usage of a precision guidance equip-
ment in IFR weather (IMC) will be 100 percent (not the 90 percent shown in Table
1.2-4) and that avionics equippage for general aviation would, likewise, grow to 35
percent from the present level of 30 percent shown in Table 1.2-5. The example cal-
culations shown in Table 1.2-5 and the FAA operation forecasts provide the activity
rate estimate "A" required in the benefit equation for all user groups.

Safety Benefits = ($ V) x x (p).

The third factor in the equation for calculating safety benefits is the propor-
tion of activity, "p," for the candidate runway compared to the total ILS activity at
a given airport. In calculating safety benefits, this proportion was estimated by
assuming a uniform distribution of activity for all ILS runways. Thus, if "R" is
the total number of runways currently equipped with ILS, the proportion of activity
for a new runway installation is given by,

1
P=I+R

The remaining factor required for estimating safety benefits is the dollar
benefit "$V' accruing to the aircraft owner each time he uses an ILS. These dollar
values, in $ 1975, are provided by report no. ASP-75-1. However, the values shown
are for ILS activity as measured by AIA's. To repeat, AIA's defined as a weather
dependent measure and are not a sufficient indicator of ILS usage. The value shown
in ASP-75-1 of $33 per unit of ILS activity by an air carrier, is based on a calcu-
lation of the reduction in accidents using non-AIA's as the potential number of ap-
proaches that could benefit from precision guidance service. This dollar value would
yield inordinately high estimates of safety benefits when combined with the ILS ac-
tivity rates calculated in the analysis and shown in Table 1.2-5.
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Table 1.2-5. EXAMPLE CALCULATION OF CURRENT ILS USE AT EQUIPPED AIRPORTS

FOR GENERAL AVIATION GROUP B (MULTI-PROP AIRCRAFT)

Assumptions

1. Present day avionics equippage: 30%

2. Usage rates from Table 1.2-4

IFR Rules, no weather 60%
IFR Rules, IMC : 90%
VFR Rules : 25%

3. % IMC; % Non-IMC : 10%; 90% (National Average)

4. % IFR; % VFR Rules* : 50%; 50%

5. Number of Approaches Operations

Rules:

IFR = 0.50 VFR - 0.50

Weather: p, UII = 0.90 U12 - --

iMC=0.l0 (0.10) (0.50) (0.90) (0.10) (0.50) (0)

non-IMC=0.90 ( U2  = 0.60 U2J (0.25)(90 10.50) (0.60) (0.90 (0 0)(.5

From line 3: pi - probability of MG; non-IMC
line 4: pj = probability of IFR; VFR Flight Rules
line 2: Uij= usage of ILS by GA group B, given weather and rules

Wtd. Average of ILS Use Sum: (pi)(Pj)Uij

(% Ops. using ILS) i = 1,2
j = 1,2

- (0.10) (0.50) (0.90) + (0.90) (0.50) (0.60)
+ (0.90) (0.50) (0.25)= 42.8%

line 5: % Approaches Using ILS = (42.8) = 21.4%
line 1: % Approaches with Avionics - (.3) (21.4) = 6.4%

Sunary: 6.4% of GA group B operations will use on ILS for precision
approaches.

Is to total Ops for G/A aircraft estimated from:
Air Traffic Activity, CY 1974 FAA/CMS.
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The dollar values shown in ASP-75-1 are based on a review of the historical
record of accidents conducted by the MITRE Corporation for the years 1964-72. By
using AIA's as the measure of ILS use, these reports infer that the benefits from
ILS are derived only in AIA weather. The MITRE report even makes the explicit state-
ment based on this inference, that the potential for avoiding accidents with ILS
service exists almost exclusively during weather conditions. However, this inference
is not consistent with the following series of observations made in this study con-
cerning the active use of ILS service during all weather conditions:

(1) Air carriers are estimated (conservatively) to use an ILS 70 percent of the
time when flying non-IMC. This usage may even be as high as 100 percent
for airports such as Miami which have a very low incidence of bad flying
weather.

(2) Fully automatic landings are routinely made in all weather by British air-
craft equipped with this CAT III capability. American aircraft (L-1011)
equipped with this capability are, likewise, viewed to make these landings
in all weather at those airports -- presently two in number -- capable of
providing this level of ILS service. In the case of American aircraft,
however, the potential for CAT III usage is still very limited and,
undoubtedly, contains an element of increased usage for training purposes.

(3) Present regulations require that all modern air carrier aircraft use the
ILS as far in as the middle marker for all operations.

(4) Available statistics coupled with informed judgment have led the NTSB
to regard the potential for avoiding accidents to be, at the very least,
not any lower during good weather. There may even be a greater poten-
tial for avoiding accidents when flying in non-IMC. This view is
supported by the technical judgment that precision guidance service is of
equal value in VFR weather.

Unfortunately, a review of the historical record of landing accidents as cur-
rently compiled cannot resolve the question concerning the relative worth of ILS
carriers in non-weather vs. weather conditions. One may choose, arbitrarily, to re-
late the accident record to AIA's assuming implicitly that accidents occur only dur-
ing weather conditions. But, the record of landing accidents does not support this
view. Nor can the record be used to support this study's counter argument. The rel-
evant information is simply lacking from our statisticr., Of the 162 fatal "precision
approach" accidents shown in the MITRE report for the period from 1964-72, we do not
know, for example, whether these occurred during 1MC or non- DC. Remember, we have
just estimated in Table 1.2-4 that the majority of "precision approaches" are made
during non-weather conditions. Similarly, the statistics for the 1118 fatal acci-
dents listed as using a "visual approach" do not indicate how many of these approaches
used an ILS.

Faced with this impasse, the study's inclination was to follow the course sug-
gested by informed judgment, and to include the potential dollar savings for avoiding
landing accidents during VFR weather in the accounting of safety benefits attrib-
utable to an ILS. But, the resolution to include VFR preventable accidents requires
that the entire 8 year record be searched for these potential savings; an improbable
task in the time allotted for this study. For this reason, and consistent with the
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study's intention to remain conservative, the total dollar value of the preventable
accident estimated to be prevented with precision guidance service was designed to be
the same whether the reader used the "$ value" times "AIA" measure suggested by the FAA
report ASP-75-1, or by the newly devised activity measure ("A") used by the study.

~Thus,
$V x AIA = $V2 x "A" (the new activity measure)

In other words, the dollar value for V used in the study does not include any

VFR preventable accidents for the general aviation and commuter user groups. How-
ever, a major and well-publicized accident in November 1965 involving a B-727 which
crashed while making an approach to Salt Lake City during VFR conditions was included
as the single additional entry made to the list of preventable accidents included in
report ASP-75-I.

It is important to note that the above accident at Salt Lake City occurred
even though ILS service was available to the pilot of the 727. But, for some reason,
he chose to ignore the information provided by the glide slope at Salt Lake City.
Therefore, it can be argued that this accident could not have been prevented by hav-
ing an ILS, when one was already there. However, it would have been prevented if the
study's guidelines used to estimate safety benefits were adhered to and the aircraft
was required to stay on the ILS until a safe landing was assured.

Except for this single accident, in the air carrier user group operating out of
major airports, the dollar values of accidents prevented by CAT I service are the
same as those shown in ASP-75-1. For comparison purposes, the dollar values per unit
of ILS activity estimated by ASP-75-1 and those estimated by the present study are
shown in Table 1.2-6.

Table 1.2-6. Comparison of $ Safety Benefits
Per Unit of ILS ($ 1976) ASP-75-1* versus Present Study

Air Carrier Air Commuter General Aviation

Airport Type A (Large Hub) $34 $11 $50 $3 $21 $21

B (Medium Hub) $26 $ 7 $50 $3 $21 $21

C (Small Hub) $21 $ 3 $50 $3 $21 $21

*source: ASP-75-1, p. 12
$ shown for 1976 are 1.03 x ($ 1975)

The study contends, however, that in order to be consistent with its basic
operational assumption that precision guidance is an all-weather service, the value
of preventable accidents in VFR weather should be included for all user groups. The
number of approaches estimated in the next section of this report dealing with re-
duced flight disruptions, are assumed as being completed without disruption as long
as the precision guidance service is below weather minimms. But, they are being
completed without the additional safety afforded by keeping aircraft on the glideslope.
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Thus, these approaches to given runway locations receiving restricted ILS service in
good weather result in an undervaluing of the safety benefits if these approaches
could have been made with MLS equipment capable of providing full, unrestricted
service.

Any difference in benefits resulting from either an overevaluation of under-
evaluation of the safety benefits attributable to full versus restricted service
were assigned equally to vLS and ILS. To repeat, since there is no method at present
to estimate the safety benefits for precision approaches made in VFR weather, this
benefit is undervalued in this study.

Incremental safety benefits, MLS less ILS, result only from the disparate numbers
of locations estimated to be capable of providing full CAT I levels of service. For
ILS or MS operations that are restricted to less than full CAT I performance (i.e.,
250 ft. x 3/4 mi., etc.), the benefits are estimated as zero. MIS or ILS systems
providing full CAT I service were estimated as having full safety benefits.

One of the assumptions underlying the "binary" assignment of 1.0 for improved
safety benefits, for nominal CAT I service and 0.0, or no benefits, for below nominal
service, is the operational assumption that, in the future, all precision landings
will be made in the same way, in all weather. Precision guidance for landings is an
all weather service. The National Transportation Safety Board (NTSB), as mentioned
previously, is considering the reconmendation of a standard procedure to be used while
making a precision approach, regardless of weather. The basis for this proposed rec-
ommendation is their findings, tentative at present, that there is a "perverse" re-
lationship in the accident statistics for low visibility approaches: there appears
to be a higher probability of an accident when weather conditions are much above
minimuns4 . A plausible explanation for this phenomenon is that VFR weather may pro-
vide a confusion of visual cues causing the pilot to abandon his I1S track prema-
turely. A feasible corrective measure is to require that pilots continue to use the
precision approach system until an "appropriate" height is reached, at which time the
probability of a safe landing is virtually assured.* The technical feature on which
a claim for an improvement in safety for CAT I operations is based on the fact that
the MNLS can provide a clear accurate guidance signal along the glideslope to a height
which is less than 200 feet. It is anticipated that the appropriate height for
completing a safe landing will be set below CAT I levels of 200 feet. Thus, ILS
(or MLS) locations which are "restricted" will not be able to accommodate the rec-
ommended procedure, hence, an assignment of $ 0.0 benefits to restricted ILS or
MS locations.

It is important to note that, assigning zero dollar benefits for restricted ILS
or MLS locations is not intended to reflect an opinion that these types of operations
are unsafe because they are certainly much more safe than non-precision approaches.
However, for the purpose of this analysis dollar benefits for systems operating at
less than CAT I were not assigned. The reason, beyond the discussion above, for this
analytical decision is that statistical data on the value of precision guidance
operating above CAT I is not currently available. Therefore, a method for allocating
partial dollar benefits for restricted ILS or MS could not be developed.

3 C-rent regulations require that large turbine powered aircraft use the glide

slope, when available, from the outer marker (CM) to the inner marker (IM). The
anticipated recommendation from NTSB will extend this requirement.
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All three factors (activity, runway usage and benefit value) required for
estimating dollar safety benefits are now available for calculation. The analysis
results are provided in Tables 1.2-7A through 1.2-7E. The incremental ($MLS-$ILS)
safety benefits shown are for a National system requirement of 1250 ground in-
stallations.

The benefits at type A airports and the consensus summary for all airport locations
are shown in the following pages; results for other airport type locations are in-
cluded in the Appendix C.

Listing of $ Safety Benefits Tables

Table 1.2-7A $ Safety Benefit for Airport type A, by user group (shown)

Table 1.2-7B $ Safety Benefit for Airport type B, by user group

Table 1.2-7C $ Safety Benefit for Airport type C, by user group

Table 1.2-7D $ Safety Benefit for Airport type D, by user group

Table 1.2-7E $ Safety Benefit for All Airports, by user group (shown)

1.2.2.2 Analysis of Reduced Flight Disruption Benefits. This is the second category
of benefits included in the establishment criteria for precision guidance service
contained in report ASP-75-1. Disruptions are part of the general category of air-
craft delays caused by weather restrictions, and include the costs of flight cancel-
lations and passenger inconvenience as well as those for aircraft operating costs.
The methodology outlined in ASP-75-1 was followed closely. Again, the general form
of the benefit calculation is, (repeating the equation shown previously):

$ Value ILS (or MLS) Activity % Runway Use
ILS (or NLS) Activity Per Airport Total Airport Runways

(V) x ("A") x (p)

The activity measure, "A", represents the population of approach operations
that would benefit from fewer disruptions due to delays, diversions and cancella-
tions if ILS service were available. There is no equivocal measure of activity here
since, by definition, this category of benefits is totally weather dependent. In
effect, we are estimating activity or operations as a strictly weather-related
measure, categorized into the groupings of CAT I, II, and III weather. The premise
for estimating the benefits from fewer weather related disruptions is a simple one:
there are an additional number of approaches that can be made without disruptions in
CAT I weather, if CAT I service were available; ditto for CAT II weather and service,
and CAT III. The additional number of approaches resulting from CAT I services was
divided, as discussed previously in section 1.2.2, into intervals of high, medium,
low, and zero restrictions in order to estimate the benefit from ILS or MIS sys-
tems operating at various levels of service restrictions. The disruption intervals
for CAT I, II, and III service levels are shown below:
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Disrupted Between Interval

High Restrictions 1500 ft x 3 mi and 200 ft x i mi.
CAT I Mediun Restrictions 800 ft x 2 mi and 200 ft x mi

Low Restrictions 300 ft x mi and 200 ft x mi

CAT I Zero Restrictions 200 ft x mi and 100 ft x mi

CAT II 100 ft x mi and 0 ft/700 ft

CAT III None

A comparison of the level of service offered with the national averages for
weather minimums yielded an estimate of the nunber of flight disruptions avoided. No
disruption was estimated to occur if the level of service was below or equal to the
weather minimums. The dollar benefits determined for avoiding a disruption were
based on the values shown in FAA report no. ASP-75-1 (p.11). The numbers shown in
this report are in 1975 dollars and are based upon three parameter values provided in
the following equation:

$V = Dollar Cost per disruption = $("a") ("n") + ("b"), where

"a" depends upon the passenger's value of time, and is a function of the
passenger' s hourly earnings;

"n" depends upon aircraft size i.e., the number of passengers per aircraft; and
"b" depends upon an aircraft's direct operating expenses.

The parameter values shown in report no. ASP-75-1 used for estimating whether
a runway in 1975 qualifies for the installation of an ILS were modified in the
following way to make them appropriate to the future program planning period, from
1980 to 2000:

(1) All 1975 dollar estimates were converted to constant value 1976 dollars;
an inflation factor of 1.03 was used.

(2) Passengers' valuation of time (parameter "a") determined as $12.50 per
hour in report ASP-75-1--a determination based on an assumption of a
median yearly income of $25,000--year--was estimated to grow at a rate
of 1.022 annually. This is the average growth rate in real disposal in-
come per capita exgerienced by the national economy over the last 25 years
from 1950 to 1974. a Passenger incomes, in constant dollars, were forecast
to grow at this same rate to the end of the program period. By the year
1990, for example, annual incomes in constant dollars and, thus, the value
of a passenger's time, were estimated to be at 39 percent of 1975 levels.

(3) The number of passengers carried per aircraft (parameter "n") based upon
1975 operational experience are shown in ASP-75-1 as:

S4 passengers for air carriers at type A airports;
35 passengers for air carriers at type B airports; and
8 passengers for air carriers at type C airports.
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In order to make these estimates of passenger enplanements consistent with
the growth in aircraft operations and size, contained in official FAA fore-
casts, the number of air carrier passenger enplanements at type A airports
was calculated to be 85 per aircraft by the year 2000. The air carrier
fleet operating at all airports was estimated to grow in number of en-
planements until the year 2000 at a linear rate determined by the ratio;
85/54 = 1.57. This growth rate was applied to the number of enplanements
(passengers) shown above for the air carrier user group. The number of
enplanements per aircraft for the other user groups such as comnuter air-
lines and general aviation were estimated to remain at the same 1975 levels
shown in report no. ASP-75-I.

(4) The operating costs per aircraft (parameter I") were estimated from
official FAA sources and are shown below in Table 1.2-8.

Table 1.2-8. Airborne Operating Costs
Per Minute of Delay By User Group, in $1976

User Groups $/MIN

Air Carriers 17.13
Commuters 3.05
(Twin Turboprops)
General Aviation

1. Corporate Jets 8.85
2. Multi-props 1.81
3. Single props 0.24

The operating costs shown for the air carrier group are based upon te cost and
performance data supplied by the CAB and as shown in a recent FAA report.' The
operating cost for air carrier aircraft during the period from 1980 through 2000 ap-
pears to be low. The value shown ($17.13 per minute) is approximately the present day
operating costs for the B-727, adjusted to constant value 1976 dollars. However, this
value for direct operating costs (DC) was used in the anaylsis. The costs for commuter
aircraft and those operated by the general aviation user were, likewise, computed
from official FAA publications. 7 ,8 The operating costs shown for commuter aircraft
are based on the estimates for the Beech 99A contained in reference 4, and were
updated to $1976 (see note 11). In accordance with the CAB definition, these direct
operating costs include an allowance for depreciation and hull insurance. The
operating costs for general aviation aircraft contained in reference 5, do not include
this allowance.

The dollar values for loss of passenger time through delays, plus the operating
costs for delayed aircraft developed in this section of the report were used con-
sistently throughout the study.

The flight disruption cost estimating equation, "an + b" (with parameter's "a,"
"n," and "b" updated to the 1980 to 2000 time period) were developed for all user
groups, airport types and disruption categories shown in report ASP-75-I. Flight
disruptions at hub airports include Diversions (5 percent of total disruptions),
Cancellations (20 percent of total disruption), and Delays (75 percent of total
disruptions). In estimating the benefits from avoiding flight disruptions, a cut-off
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point was established for the proportion of landing approaches shared by a new run-
way installation. Thus for "R" existing runways (repeating the terminology used in
Safety Benefits section), the proportion of activity is given by,

1
p= ; but now R <2.

If there are at least two existing runways at a given airport equipped with either
ILS or MLS and operating at full service levels, the study estimated that no flights
would be diverted or cancelled.

By employing the method outlined in report ASP-75-1 updated to the program
planning period, the study was able to calculate the incremental benefits for avoid-
ing flight disruptions and to categorize them according to airport type, service
level and user group disruptions. Approximately 50 percent of these dollar benefits
are due to savings in passenger time. A summary presentation of these analysis
results for all airports and service levels is shown in Tables 1.2-9A through 1.2-9H.
Table 1.2-9A is shown below; the remaining tables are in Appendix D.

Listing of $ Disruption Benefits

Table 1.2-9A All Airports, All Service Levels (shown)
Table 1.2-9B Type A Airports, CAT I Service Level
Table 1.2-9C Type A Airports, CAT II Service Level
Table 1.2-9D Type A Airports, CAT III Service Level
Table 1.2-9E Type B Airports, CAT I Service Level
Table 1.2-9F Type B Airports, CAT II Service Level
Table 1.2-9G Type C Airports, CAT I Service Level
Table 1.2-9H Type D Airports, CAT I Service Level

1.2.2.3 Benefits from Reduction in Arrival Delays at Major Airports Due to System
Outages with MLS. The NIS ground equipment is assumed to have the following produc-
tion capabilities (1) The signal will be minimally affected by ground geophysical
conditions such as snow, ice, tides, etc.; (2) it will employ solid-state, digital
electronics design and have a falure rate that is one-half that for existing solid-
state ILS equipment; i.e., MLS production specifications will be for a Mean Time
Between Failure (MTBF) rate of approximately 4000 hours which is twice that specified
for modern solid-state ILS equipment; and '3) all maintenance of MLS ground equipment
either to repair unscheduled failures or for routine and scheduled inspections are
to have a mean-time-to-repair, (MITR) of 30 minutes. These requirements can be met
with MLS partly due to a lessening of the vulnerability to operational failures
caused by environmental factors. For example, the significantly smaller sized
antenna of MLS will have a reduced exposure to wind and snow. More importantly,
by using a signal that is completely air derived, the MLS does not require the
maintenance and inspection of the ground plane required to generate an ILS signal.
Therefore, the MLS is not adversely affected by tide changes, snow accumulation on
the ground plane or other similar influences. The historical effect of weather con-
ditions on ILS component reliability is shown in Figure 1.2-1; a reproduction of a
graphical summary of data made available by FAA's Airways Facilities Service AAF-
200. Note the seasonal pattern of unscheduled outages of the glide slope component
of the ILS. They appear as a winter phenomenon. Finally, the MLS signal with its
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characteristic digital format is more suited to a concept of centralized and remoted
monitoring and diagnoses of equipment failure that provide for easy maintenance and
reduced downtimes (see Chapter 2, Section 2.4 for a more detailed discussion of MLS
versus ILS Operating and Maintenance).

For the purpose of this analysis, it is necessary to translate any proposed
improvements in vLS reliability into a quantifiable dollar benefit. The potential
for dollar benefits was estimated to be in reducing those airborne delays resulting
from present ILS component equipment outages at the 40 major airports (type A) that
do or will experience significant aircraft delays. By reducing the number of outages,
the NLS can reduce ILS outage-related delays. In order to develop this argument,
it was necessary to establish the extent to which current operations are delayed as
a result of outages in ILS equipment. The following data sources were identified as
appropriate for this analysis:

The Airways Facilities Service (AAF-240) of the FAA routinely
records equipment outages. However, these are compiled at
present by the number of outages and their duration, in monthly
totals. The time of the outage is not compiled. A preliminary
FAA Regional data collection effort does record the actual
chronological time and the type of equipment failure, but only
at four locations. These are San Francisco (SFO), Los Angeles
(LAX), Houston (HOU), and O'Hare (ORD) airports. Outage data
must be in this fom in order to conduct the quantitative
analyses described below.*

The time of an outage for a major component of an ILS--either a glide slope
(GS) or a localizer (LOC)--was recorded for airborne arrivals into a given airport
during the hourly period in which the outage event occurred. The operational times
for airborne arrivals were also recorded for the hourly interval one hour after the
outage event and for the interval two hours after the outage event. The operational
times following the event were then compared to the operational times observed for
airborne arrivals during the hourly interval preceding the outage. The difference in
operational times was taken to represent the additional operational times (delays)
resulting from the outage.

The data for the operational times experienced by arrival aircraft were supplied
by United Airlines. These data include the specific time required from a fixed
airborne arrival position to a touch-down on the runway; data were provided in hourly
intervals. (Similar operational data were made available from Eastern Airlines, but
these arrival times consisted of the elapsed time from takeoff to touch-down and,
hence, were not compatible with those made available by United Airlines.) Data from
United were available only for Chicago O'Hare (ORD) out of the total of four airports
for which equipment outage data were available. This data source in conjunction
with the ILS outage data provided the record for a 3-month period at ORD, November
1975, December 1975, January 1976, upon which the following analysis results are
based.

*The chronological time that an outage occurred is an essential feature of any
subsequent delay analysis. For this reason, this study endorses any plan to extend
the collection of this type of outage data to all airport locations.
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Table 1.2-10, Coluums I thru V, contains the unscheduled outage record for the
3-month period at ORD. The interval containing the hour in which the event occurred
plus the next two succeeding hourly intervals is shown in Column V. The difference
in operational times--i.e., the estimate of delays attributed to the outage--is
shown in Column IX. The average number of aircraft arriving at ORD during the hourly
intervals in which a delay is observed is shown in Column X as either (1) 45 air
carrier arrivals during a Busy period, from 0700 to 2259 hours, or (2) 8 air carrier
arrivals during a Dull period, from 2300 to 0659 hours. These hourly activity fig-
ures were calculated to yield a total of 577,000 air carrier operations; the actual
total at ORD for FY 1975. The distribution of arrivals between the Busy and Dull
periods (91 percent arrive during the Busy 16-hour period; 9 percent during the 8-hour
Dull period) was determined from a recent FAA report. Column XI estimates the total
number of aircraft delayed by multiplying the hourly acitivity rate shown i. Column X
(either 48 or 8 aircraft per hour) by the number of hours in which aircraft were
observed to be delayed due to an unscheduled outage, Column VIII. The total of
operational delays estimated as attributable to unscheduled ILS outages in either a
glide slope or localizer component is shown in Table 1.2-10 as 5767 minutes. MIS
components designed to have a MTBF twice that of ILS components are, therefore,
estimated to save half of the operational delays shown; 0.5 x 5767 = 2884 minutes.

It is important to note an unscheduled outage of 12 minutes duration occurred
at 0730 hours in a glide slope component on December 12, 1975, the height of the
Christmas travel season. The occurrence of such an event during this peak season
would normally have a significant effect on operations. However, this effect is not
included in the present analysis because United Airlines, our data source, happened
to be on strike when the outage occurred. In other words, the study treats this
outage as if it never happened.

In addition, delays caused by aircraft in an arrival holding pattern are likely
to have an interacting effect on delays for departing aircraft. However, no spill-
over effects were included in the analysis. Delays are defined in this study to
include only airborne holding times on arrival.

Table 1.2-11 presents a similar array of outage data and airline operational
times, but this time, the outages shown are for scheduled outages in excess of 30
minutes. As noted previously, the MITR for MIS will be 30 minutes. The total of
aircraft delay minutes saved by limiting these outages to 30 minutes is shown on the
bottom of Table 1.2-11 as 11,041 minutes.

Table 1.2-12 also reveals the fact that some of the unscheduled ILS outages
exceeded 30 minutes as well. These outages will also be limited to a 30-minute
duration with MLS equipment. A total of 3053 minutes of airline delays are attribut-
able to unscheduled outages in excess of 30 minutes. But, we have already taken
credit for one-half of all unscheduled outages. There is, therefore, an element of
double counting of the benefits to be derived from both reducing the number of
unscheduled outage events plus holding them to 30-minute duration. The degree of
double counting of benefits in unscheduled outages can be estimated precisely,
however, by the logic depicted in Figure 1.2-2.

One-half of the total of 5767 minutes or 2884 minutes of delay due to mscheduled
outages have already been claimed as a benefit. If 3053 minutes of delays due to
outages over 30 minutes were also claimed, the exact extent of the double counting
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Unscheduled Outages - 5767 minutes

-28

(minutes)

Figure 1.2-2. Logic for Avoiding Double Counting of Benefits

is shown by the cross-hatched area. This area is measured as one-half of 3053 or
1527 minutes.

Adding up the benefits for (1) one-half of all unscheduled outages, (2) all
scheduled outages over 30 minutes and (3) unscheduled outages over 30 minutes,
less 1527 minutes that are double counted yields a total of: 2884 + 11,041 + 3053 -

1527 = 15,452 minutes. This savings of of 15,452 minutes of delay due to the
installation of more reliable and maintainable MLS equipment is the basis for all
future calculations in this section.

The delay savings for a 3-month period was converted to a 12-month, annual
total by multiplying 15,452 x 4 = 61,808 minutes. Since it can be argued that the
sample data months of November, December and January represent periods of an inordinate
amount of outages, the contention that the quarterly total for these months could be
estimated as one-fourth of the amual total was subjected to a statistical test.

Table 1.2-13 is a sample reproduction of monthly outage data, both scheduled
and unscheduled, obtained from the Airways Facilities Service (AAF) for the years
1972 through 1973 for three illustrative airports: CLE, DAL, DCA. These data rep-
resent the typical monthly information routinely available fromn FAA/AAF-240. Similar
tabular representatives of outage data for 20 major airports are shown in Appendix E.
The contention is that the outages for these 20 airports for the months of November,
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December and January are not statistically different from any other 3-month period
during this year. To test this contention, a ratio of the outages for three sample
months compared to a 12-month total was determined for 20 major airports for a
2-year period; a total of 40 observations. The calculated ratio was then compared
to a theoretical expectation of 0.25, and a standard "t" test for mean proportional
values was performed. The calculated average ratio of three months of unscheduled
to the total year for 20 airports was determined to be 0.25; the precise theoretical
expectation. The ratio for scheduled outages was determined to be 0.33, not signifi-
cantly higher in a statistical sense from the theoretical expectation of 0.25. (The
"t" value was calculated as 1.1). The contention that the estimate of 15,452 minutes
of reduced delay due to MLS based on three months of operational data could be
projected to an annual total by multiplying by 4, was confirmed. The analysis,
therefore, claims an annual estimated savings of 61,808 minutes at ORD due to reduced
MLS outages.

This total annual reduction in delays was then compared to the total of delays
currently estimated at ORD; a total of 5.89 (106) minutes. In effect, the study

claims that, 5,8  08 = 1.05 percent of the total estimate of annual delays at ORD

will be reduced by NLS; 98.95 percent of the total delays will be unaffected by MS.

An attempt was made to verify the study's finding of a 1.05 percent NLS-
attributable savings in delays at ORD with other, independent, operational data. The
NASCOM Staff (AOA-6) delay reports were consulted. These reports indicate the number
of delays at major FAA facilities which are in excess of 30 minutes, as well as their
attributable cause. A recent memo from this staff indicates that of the 10,985
NASCOM type delays recorded at ORD during 1975, some 6.0 percent were attributable to
failure of equipment. The memo indicates further that 52 percent of the equipment
failures were those due to the ILS. Hence, about 3 percent of the delays in excess
of 30 minutes were attributable to the ILS. Assuming that MLS will be more reliable
than ILS (MVBF twice that of the ILS), then these failures should be reduced by half.
This indicates that 1.5 percent of the NASCOM delays could be avoided. The study's
use of 1.05 percent, therefore, seems to be reasonably consistent, on the conservative
side, with the data provided by the FAA's NASCCM staff.

Estimates of future annual delays for ORD as well as 29 other major airports
are available from the FAA studies (see Note 7) through the year 2000; the planning
horizon for the MLS program. These estimates, shown in Table 1.2-14, depend upon
the level of automated sophistication and performance of the ATC system assumed to
be installed at these 30 airports during the future periods. The levels of ATC
capability which are designated as the Upgraded Third ATC System (UG3RD) are cate-
gorized into groups 1 through 4. Level 4, which is the most advanced level of auto-
mation, is assumed to be in place by the year 1995. The assumptions concerning the
levels of automation for other future time periods are shown at the bottom of Table
1.2-14.

IAnual delay estimates at major airports obtained from: "Impacts of UG3RD Imple-

mentation on Runway System Delay and Passenger Capacity." Battelle Laboratories,
1976.
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Table 1.2-14. Forecast Annual Delays At Major Airports*

(Millions of Minutes)

Airport 1980 1985 1990 1995 2000

ATL 3.01 3.12 2.80 3.29 3.86
CLE 1.52 1.62 1.57 1.31 1.41
CVG .35 .79 1.40 2.52 3.90
DAL 1.13 1.34 1.16 1.05 1.07
DFW .78 1.25 1.64 2.02 2.34
DTW .36 .46 .45 .42 .47
EWR .89 1.71 2.49 3.65 4.94
HNL .55 .72 .79 .75 .81
JAH .32 .58 .86 1.16 1.75
IND .66 1.78 3.80 5.56 11.13
LAS .84 1.24 1.36 1.59 1.94
LAX 1.36 1.68 1.26 1.19 1.25
MCI .29 .67 1.37 2.22 2.34
MEM .53 1.02 1.74 1.77 2.06

MIA .74 1.05 1.39 1.49 1.77
MSP 1.19 3.34 4.52 4.75 6.33
MSY .51 1.15 2.57 5.29 5.77
PHIL 3.64 5.06 6.28 5.66 8.32
PHX 2.01 3.22 4.46 4.06 4.81
PIT .97 1.48 2.07 2.17 2.83
SEA .30 .40 .50 .64 .98
STL 3.43 7.30 12.73 12.87 16.38
TPA .30 .87 1.76 2.71 3.25
BOS 1.45 2.40 2.41 2.50 3.85
DCA 1.30 1.22 1.01 .94 1.02
DEN 1.30 1.70 1.58 1.78 2.29
JFK 5.96 12.55 9.95 10.60 14.91
LGA 2.78 4.08 4.33 3.45 3.89
ORD 7.94 8.76 7.03 5.10 5.32
SFO 5.23 9.37 16.55 13.65 18.22

Total 30 Airports 51.64 81.93 101.83 106.16 139.21

ORD 1976 Estimate: 5.89 million minutes of delay.

Level of Automated UG3RD Improvement: *

1980 Group 2, p. 20  1990 Group 3, p.23
1985 Group 2, p. 20  1995 Group 4, p.27

2000 Group 4, p.27

*Reference: "Impacts of UG3RD Implementation on Runway System Delay and Passenger
Capacity." Battelle Laboratories, 1976.
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-A savings of 1.05 percent in total forecasted annual delays due to increased
MLS reliability/maintainability was estimated for all major airports included in
this study. These savings, categorized by user group, are included in this study
for type A airport locations only.

The reader is reminded that these savings were derived from the experience data
for ORD and are based on the ILS outages and delays recorded at this airport. It
can be argued that those airports which do not have the same frequency and duration
of ILS outages as ORD could not be expected to benefit to the same extent from a
reduction in system outages.

Table 1.2-15 is a comparison of the 2-year record of outages, 1972 through 1973,
for 20 major airports obtained from the data base referred to above (AAF-240). It
indicates that the average nutmber of outages recorded for the 20 airports shown are
119.3 percent greater than the average shown for ORD. These percentages range from
34.5 percent at SFO to 382.4 percent at JFK. The estimated average percentage savings
in delays is, thus, calculated as 1.25 percent (119.3 x 1.05) compared to the 1.05
percent for OR). The percentage savings at individual airports range from 0.4 percent
at SFO to 4.0 percent at JFK. On the basis of these data, which show that the average
outage experience at 20 major airports actually exceeds ORD, the study used the delay
estimates obtained for ORD as a reasonable estimate for all major airports. Subsequent
tests for sensitivity of results to assumptions will use an estimate of the percentage
in reductions based upon the ILS outages experienced at SFO, a value shown in Table
1.2-15 as 0.4 percent.

From the data in Table 1.2-14, we can determine the total annual delays for the
30 major airports which are shown for various forecast periods, 1980 through 2000.
In order to estimate the total annual delays for the 40 major airports included in
the study's airport category--" ype A, major airports"--these annual totals were
increased by the ratio of annual operations for the 40 Type A study airports to the
30 major airports shown in Table 1.2-14. It should be noted that although the 30
airports shown in Table 1.2-14 represent 75 percent of the number Type A airports
included in the study, their share of the operations estimated at a middle year in
the planning horizon, is calculated as 90 percent.
Thus, for CY 1986: r = operations at 40 airports .=8814 = .1

operations at 30 airports 7.(0

The delay totals shown for 30 airports were multiplied by the calculated
ratio of 1.11 to arrive at delay totals for 40 airports. It should be noted as well
that a determination that delays are proportional to traffic activity results in a
conservative estimate of delays. Operational experience, of both actual and computer-
simulated analysis, indicates that delays grow at an increasing exponential rate in
relation to traffic activity.

Dollar Value of Delay Savings Resulting from Reduced System Outages

The summary results shown below were obtained by multiplying the annual forecast
of delay estimates for 40 airports by a 1.05 percent savings, and then multiplying
by the dollar estimate of the worth of a minute saved in airborne arrival times.
This estimate includes both a savings in airline operating costs and passenger time.
The dollar uorth for the aircraft operating cost portion of this estimate has been
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previously shown in Table 1.2-8. The estimates for the value of passenger time have
already been described in section 1.2.2.2 dealing with Flight Disruptions benefits.
Passenger values of time are based on the $12.50 hourly amount shown for 1975 in FAA
report ASP 75-1, updated to the appropriate year in the future for which an estimate
is to be made.

Exasple Calculation of Annual Dollar Benefit for Reduced System Outages;
Air Carriers, 1985 (operating costs only)

81.93 (106  (1.ii) (.015) ($17.13) = $16.4 (million)
(totals mins) (ratio) (% saved) ($/main)

The forecasts for annual minutes of delay for the top 40 airports were
distributed among the various aviation user groups according to their relative
frequency of operations. Multiplying the annual estimates of minutes saved by the
aircraft operating costs plus the value of passenger time results in the estimated
dollar savings from reduced system outages presented in Table 1.2-16 for all user
groups operating out of Type A airports.

Table 1.2-16. Summary, Dollar Savings From Reduced Delays by User Group
(for millions of $1976; disrounted at 0.10)

User Groups $Benefits

Air Carriers 20
(Passenger time) (10)

Commuters 2
(Passenger time) (1)

General Aviation
Corporate Jets 2
Multi Props 1
Single Props 2

$27

1.2.2.4 Benefits from the Reduction in Delays Resulting From the Removal of Restric-
tions at JFK, LGA and DCA: A Case Stud Aproach. Section 2.2, "Improvements in
Mjor Airport Performance," analyzes the Microwave Landing System (14S) benefits at
five case study airports (JFK, LGA, DCA, SEA and SFO). This economic analysis ex-
trapolates the results from that study to assess the impact of 14S over the 20-year
(1980 to 2000) program life at the three airports where the potential for delay
reductions was revealed. The configurations studied indicated that net delay savings
with MLS were possible at the following locations for the reasons indicated.

JFK: Taxiway bolding restrictions on departures for 4L
with ILS, removed by MLS;

LGA: Single rnway operating in a mixed mode (arrival 13,
departure 13) with ILS; expanded to two rnmway operations
(arrival 13, departure 4) with MLS;

DCA: Reverse flow conditions with ILS (arrival 36, departure 18)
transformed to arrival 18, departure 18 with MLS.
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1.2.2.4.1 Total Savings Based Upon Delay Reduction at JFK, LGA, and DCA. The bene-
fits attributable to delay reductions are based primarily upon linear projection of
1975 and 1990 delay forecasts. These forecasts were made under the general assump-
tion of all day IFR operation for selected configurations at the airports. In
addition, for JFK it was assumed that runways 4L and 4R operate independently and
that runway 4L has arrivals and departures. These assumptions were determined to be
feasible with UG3RD system improvements.

Dollar savings were computed by multiplying the minutes saved, obtained from
the linear projection, by the average aircraft operating cost per minute plus the
valuations of passenger time. The average direct operating costs for the air carrier
fleet estimated to be operating during the program planning period is shown in Table
1.2-17 as $17.13 per minute ($1028 per hour).

The average passenger's value of a minute of delay is based upon the passenger's
hourly earnings shown in report no. ASP-75-1 as $12.50 per hour ($1975). Consistent
with the discussion already provided in this report in the section dealing with
"Reduced Flight Disruptions," the average passenger's income and his value of time
lost in delayed flight is estimated to grow by an annual rate of 1.022 until the end
of the planning horizon, the year 2000. Thus, the total benefits, both in passenger
time and in reduced aircraft delays resulting from the removal of capacity-limiting
restrictions at JFK, LGA and DCA can be obtained by multiplying the estimates for
the minutes of delay saved by the following expression for the dollar value of this
saving: $12.50Nt

Dollars per minute saved = "60 (1.022) + $17.13

where t = no. of years measured from 1975.
Nt = no. of passenger explanements in year t
(In 1975, Nt = 54; obtained from report no. ASP-75-1)
(In 2000, Nt = 85; based on FAA forecasts)

The results of these calculations are shown in Table 1.2-17 for JFK; Table
1.2-18 for LGA; Table 1.2-19 for DCA. In addition, each of the above tables provides
a summary total of the gallons of fuel saved by the removal or reduction in the
capacity-limiting restrictions.

1.2.2.5 Benefits Resulting From a Reduction in Path Lengths in the Terminal Area.
One of the advantages of 'the MLS discussed in the major airports improvements (Z.2)
and air carrier operations (2.6) sections is its ability to provide precision
guidance along curved paths. One of the dollar benefits derived from such a capability
is a potential reduction of approach path lengths through more efficient ATC routing
procedures. In addition curved approaches may be used for the purpose of noise
abatement or in the resolution of conflicting traffic patterns between airports
in close proximity (JFK/LGA case study). This reduction in path length, equivalent
to reduction in flight time, translates into a dollar savings and an associated
savings in fuel (some noise abatement procedures may increase approach path).

1.2.2.5.1 Estimate of Savings Due to Terminal Route Reduction. A survey of the
Airport Operators Council International (AOCI) was undertaken (1974) to determine
the need for MWS capabilities at major air carrier airports (see section 2.11).
Those respmses, indicating the operator's perceived need for curved approaches, were
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tabulated and classified by airport type: Type A airports are the top 40 airports,
ranked by passenger enplanements, and the next 110 airports constitute Type B.
Responses were received from 29 Type A airports and 27 Type B airports. Operators
indicated whether curved approaches are: a) used currently, b) are viewed as
necessary in the future, or c) are not needed in the future. Tables 1.2-20 and
1.2-21 provide a list of the responding airports and their replies. Dollar savings
were computed by multiplying the number of arrivals by the average savings per
route reduction, estimated as 0.20 minutes per arrival. The forecast number of
arrivals was obtained from official FAA sources for the program period 1980 to
2000. The dollar benefits shown are based on the total of responding airports
indicating a present or future need to make curved approaches. Fuel savings were
determined by translating a 0.20 minute savings in arrival times, using an estimate
of 3.8 gallons of fuel saved per arrival. This savings is based upon an average
fuel consumption rate of 19 gallons per minute. Dollar savings from a 0.20 minute
reduction in delays were based upon the same estimates used for reduced delays,
including the value of an average passenger's time used throughout the study and
described in the previous section of this report. These dollar and fuel savings
are shown for type A and type B airports in Table 1.2-22.
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Table 1.2-20. Type A Airports
(29 of 40 Airports Responding)

CURRENTLY USED NEED CURVED NO FORESEEABLE
CURVED APPIR)ACHES APPROACHES IN NEED 10R

IN VFR WEATHER THE FUIURE CURVED APPROACHES

ATL BAL LAX

BOS BUF NEM

DAL CVG MIA

DEN DNW

JFK DTW

LAS EWR

LGA IAH

NSP IND

PDX OAK

SAN PHX

SEA PIT

SPO SLC

STL

TPA
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Table 1.2-21. Type B Airports
(27 of 110 Airports Responding)

CURRENTLY USED NEED CURVED NO FORESEEABLE
CURVED APPROAOS APPROACHES IN NEED FOR

IN VFR WEATHER THE FUTURE CURVED APPROACHES

ABQ ABF SMF

BNA BHM TUL

00S CLT

ELP DAY

GRR BUG

ICT EAT

JAX GSP

LNK HSV

PRI mK

PVD OMA

PWM SAT

siC SDF

TYS
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Table 1.2-22.
Dollar Savings* Due to Terminal Area Path Length Reduction

(Millions of Dollars Discounted at 0.10)

Type A Airports

Date Savings In Actual Dollars ($106) Fuel Savings, Gallons (106)

1980 0 0

1981 0 0

1982 0 0

1983 0 0

1984 0 0

1985 0 0

1985 10.0 5.4

1987 12.7 6.5

1988 15.5 8.0

1989 18.5 9.4

1990 21.7 10.8

1991 25.2 12.2

1992 26.3 12.5

1993 27.3 12.7

1994 28.4 12.9

1995 29.3 13.0

1996 30.3 13.2

1997 31.3 13.5

1998 32.2 13.4

1999 33.3 13.5

2000 34.4 13.6

Total 376.4 170.6

Total Discounted to 1980 $104.4

*Includes passenger time
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Table 1.2-22.

Dollar Savings* Due to Terminal Area Path Length Reduction
(Millions of Dollars Discounted at 0.10) (Continued)

Type B Airports

Date Savings In Actual Dollars ($106) Fuel Savings Gallons, (106)

1980 0 0

1981 0 0

1982 0 0

1983 0 0

1984 0 0

1985 0 0

1986 2.2 1.2

1987 2.7 1.4

1988 3.3 1.7

1989 4.0 2.0

1990 4.7 2.3

1991 5.5 2.7

1992 5.8 2.8

1993 6.1 2.8

1994 6.3 2.9

1995 6.6 3.0

1996 7.0 3.0

1997 7.3 3.1

1998 7.6 3.2

1999 8.0 3.2

2000 8.3 3.3

Total 85.4 37.8

Total Discounted to 1980 $23.37
*Includes passenger time
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1.2.2.6 Benefits Resulting From Elimination of Channel Limitations. There is no
single item identified in the study as the dollar benefits accruing to MLS due to
its ability to eliminate the problem of ILS channel limitation. This problem has
been analyzed by the FAA's Frequency Management Branch, ARD-60, and the results
are documented elsewhere in this report (see "Relief of Channel Limitations," sec-
tion 2.3). But, the potential elimination of this problem with MLS has a significant
and pervasive effect on the benefits and costs presented in this study:

a. On the benefits side, the problem of channel congestion is a principal
reason for the disparity in the number of locations, MLS vs. ILS,
capable of providing full, unrestricted levels of service.

b. On the cost side, the study estimated that in order for ILS equipment
to continue to be implemented to meet the forecast National require-
ment for 1250 ground systems by the year 2000, a costly conversion to
50 kHz channel separation must take place before the 933rd installation
of ILS ground equipment.

This conversion to narrower channel separation results only in a deferral of
the congestion problem for the ILS. It was estimated that a requirement for ground
installations greater than 1400 systems cannot be accommodated at all with the ILS.
For the 1250 system requirements, in order to prolong the use of ILS as an alterna-
tive to MLS, the avionics costs for the aviation user to convert to 50 kHz separa-
tion and the costs to the FAA to make the required frequency changes to at least
two existing ILS installations, are included as additional costs to the ILS system
for all equipment installed after the 933rd unit. The 934th installation is esti-
mated to be commissioned in the year 1988. The avionics costs and the FAA ground
installation costs shown in the next section of this report reflect these additional
expenditures '. both the FAA and aviation user groups, starting in 1988.

ILS currently has 20 frequency channels available, and the number of ILS in-
stallations in the U.S. is approximately 600. In some portions of the country, the
20 ILS channels are already inadequate to supply needed additional precision gui-
dance service. Figure 1.2-3 depicts the areas in the U.S. where channel limitations
existed in 1971. The situation is much more acute today.

An expansion of ILS capability to 40 channels is possible by channel split-
ting to 50-kHz separations. However, even with 40 channels, many locations needing
service may not be able to have an ILS beyond the 1400 system level, because of
siting and signal obstruction problems. It is also relevant to note that channel
splitting would require aircraft to have S0-kHz receivers rather than the present
l00-kHz sets. This would impose a severe economic burden on those aircraft that
are not currently equipped with 50-kHz receivers, requiring an expenditure of almost
200-million dollars for avionics conversion costs. This conversion would have to
be made sometime before the channel congestion problem became severe; estimated to
occur at the 930th ground installation, approximately. As currently forecast, this
installation is scheduled to take place in the year 1988. If all aircraft owners
waited until this year to make the avionics conversion, the present discounted value
of the $193.9 million spent in the year 1988 (discounted at an annual rate of 0.10)
would be $90 millions; shown in table 1.3-12 (p. 1-71). The conversion would also
present a serious operational problem during the conversion period, when there would
be a combination of S0-kHz and l00-kHz equipment on the ground and in the air.
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The detailed breakdown of conversion costs by user group is shown in table
1.2-22a.

In stumary, the lack of adequate channels is a barrier to future growth
potential. Precision approach and landing service may be denied to users who
will require this service in the future. MLS has 200 channels available--adequate
for any foreseeable future need.

Table 1.2-22a. Total Fleet Costs to Convert ILS Avionics to 50 kHz
(In Millions of 1976 Dollars)

National Requirement
(1250 Ground Systems)

Quantity of Cost*

User Group Aircraft (Millions)

Air Carrier 3,629 $ 18.1

Commuter Airline 1,370 5.5

General Aviation:
Corporate Jet 7,280 29.1
Private Propeller 226,600 141.2

Totals 238,879 $ 193.9

*Costs are in millions of actual year, undiscounted, dollars.
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1.2.2.7 The National Requirement Level for Precision Guidance Service. The best
estimate of the Nation's requirement for precision guidance service -- using cur-
rent ILS installation criteria, official FAA forecasts of flight activity, and as-
suming that the present distribution of patterns of air carrier service to the small
community airport will continue for the next 20 years -- is for a network of 1250
Federally operated ground systems in service by the year 2000. In 1976 there were
about 600 ILS units installed at airports in the U.S. By 1980 the estimated total
is for some 728 units. The economic analysis conducted by the study and shown in
this report is based on a National requirement for precision guidance service that
will provide for a network of 1250 ground systems by the year 2000.

1.2.2.8 Sensitivity of Study Results to the Number of Ground Systems Installed.
It is necessary for a quantitative study of alternative investment opportunities
not only to estimate the dollar amounts of benefits and costs for a rjposed pro-
gram operating under its most likely (average or expected forecast) conditions, but
to estimate the changes in study recommendations that would occur if the conditions
forecast by the study were to change. Forecasting is a treacherous business, and a
study's results may be extremely sensitive to small changes in these forecasts.
This is indeed the case for this present evaluation of alternative equipment types
capable of providing precision guidance service. For this reason it is essential
to consider how the study's recommendations would change under the separate and al-
ternative condition that the forecast of the National requirement for this service
was: a) overestimated, or b) underestimated by the study.

a. The Likelihood and Consequences of Using an OverlZ Optimistic Forecast of
Requirements. The lower the National requirement for precision guidance service --
the larger the gap between an optimistic forecast and the actual requirement -- the
more economically favorable is the choice of the ILS system. At presently installed
levels, neither the additional benefits estimated by the study's methodology for
the MLS nor the future savings in the FAA's operating and maintenance costs are suf-
ficient in their total amounts to offset the investments costs necessary to imple-
ment the new MLS system. The MLS's ability to avoid the high costs for ILS site
preparation, for example, is not an economic advantage when these costs have already
been sunk in the incumbent system. As the requirement for precision guidance ser-
vice grows and new installations are needed, the economic advantage moves toward
the MLS. The study estimates that this advantage is not sufficient to alter the
verdict favoring the ILS until the requirement level reaches the 930th installation.

The change in economic verdict at this level is due to the study's determina-
tion that there will be a severe limitation in the number of available frequencies
or channels of communication for ILS ground installations in excess of 930 units.

r No such limitation exists for the MLS system. To prevent the ILS equipment from
delivering restricted service at those congested hub areas where the communication
frequency problem is likely to be most severe, it would be necessary to modify the
ILS system to provide more frequencies. A large segment of the airline user popula-
tion has already had its ILS avionics equipment retrofitted to accept 50 kHz channel
separation in place of the currently available 100 kHz separation. The costs neces-
sary to retrofit the equipment of the remaining segments of the aviation user com-
numnity in order to obtain additional communication frequencies have been estimated
for each aviation user group and charged to the ILS investment cost account (tables
1.3-7 thru 1.3-12). The 930th installation is forecast to be made in 1988. The
study estimated that the retrofit costs could be postponed to this date. Due to
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the effects of discounting, this results in a lower cost impact to the ILS. Never-
theless, the economic verdict shifts in favor of the MLS in this year (table 1.3-19).

In order for the National requirement for precision guidance service to remain
below 930 installations, aviation flight activity would need to be curtailed to one-
fourth of the growth level shown in the official FAA forecasts. However, a three-
fourth decimation in the rate of growth forecast for flight activity would be eco-
nomically detrimental not only for the MLS program, but for the economic well-being
of the entire aviation community as well. There would be little need for any engi-
neering/developmental programs or long-range FAA planning activity.

The prospect is remote for a decrease in aviation flight activity of such se-
verity as to hold the National requirement for precision guidance service below 930
installations. The consequence of such a drastic decrease in activity will have a
significant effect on any decision to implement the MLS. A costly investment in
new equipment could be avoided.

b. The Likelihood and Consequences of Using an Overly Pessimistic Forecast
of Requirements. Any National requirement that exceeds the forecast level of 1250
ground systems would favor the choice of MLS equipment. Before discussing the like-
lihood of this occurring, it is essential to note that the consequence of under-
estimating requirements is heightened dramatically at the 1400 ground installation
level. This change is, again, due to the problem of channel congestion that results
in a shortage of assignable frequencies. Despite the fact that corrective action,
a retrofit of equipment, was estimated to have been completed at the 930th installa-
tion level, the continued installation of ILS equipment would be accompanied by a
worsening of the channel congestion problem to such an extent that future installa-
tions would be limited to a maximum level of approximately 1400 units. ILS instal-
lations made in excess of this limit will not provide full unrestricted CAT I, II
or III levels of service, particularly in busy hub areas. The ILS cannot satisfy a
requirement for precise guidance service in excess of 1400 ground systems; the MLS
is the remaining alternative. It is, thus, pertinent to examine now the possibi-
lity that the requirement level will reach or exceed the 1400 system level:

(1) Subsequent to the completion of the study, the "Airline Deregulation
Act of 1978" published its intention to provide the same level of safety to airports
served by commuter airlines as those provided by air carriers. In addition, this
Act serves to encourage air service through secondary and satellite airports, using
subsidies, if appropriate, to maintain continuous scheduled air service to small
communities and isolated areas. A recent study conducted by the FAA Office of Avia-
tion Policy indicates that there are 307 airport communities served exclusively by
commuter airlines, with a growth potential to 431 airports. Most of these airports
do not provide precision guidance service, and many would now qualify for this ser-
vice under existing criteria.

(2) A trend to the increased use of jet aircraft to serve the small com-
munity airports will result in more of these airports qualifying for precision gui-
dance service. Passenger jet aircraft used in commercial aviation qualify those
airports from which they operate for precision guidance service under existing ILS
Establishment Criteria, regardless of their flight activity.
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(3) The recently announced FAA "satellite reliever-airport" program, com-
bined with the Deregulation Act of 1978, will result in the increased use of small
community airports receiving air carrier service. The FAA has stated its policy
that service at these small airports will be held to the same safety standards as
those imposed on'major airports. This policy will result in more precision guid-
ance equipment being installed at small airports, and may require a revision in Es-
tablishment Criteria in order to qualify this equipment. Any revision in criteria
that results in the need for more precision guidance service will favor the instal-
lation of MLS, and will probably be sufficient to make MLS the single available al-
ternative to provide this service.

(4) Finally, the forecast of the average annual rate of growth in avia-
tion activity used in the study is for a rate of 4.8 percent. A small error in this
forecast, or some other reason (for example, the effects of the Deregulation Act)
that results in a 10 percent increase in the rate forecast -- a change in the annual
rate of growth from 4.8 percent to 5.3 percent -- is estimated to lead to an addi-
tional 150 runway ends being qualified for precision guidance service. The total
of systems required would now be forecast as 1400.

The summary conclusion is that while there are significant consequences affect-
ing the choice of equipment types that result from a forecast of the National re-
quirement for precision guidance service being off its mark, the consequences are
not the same in both directions. The consequence of following the study's recom-
mendation to implement the MLS as the superior, long-term, National standard for
precision guidance equipment, in the face of an actual reduction in the need for
this equipment, will be the purchase of more costly equipment with accompanying ben-
efits that do not fully justify the increase in costs. However, there is no compro-
mise in the quality of service provided; the quality of service is likely to be en-
hanced. On the other hand, the consequence of an error in choosing the ILS alterna-
tive with limited growth potential when the actual requirement for this equipment
exceeds this limit, is much more severe. There will be a restriction in service,
at the most active runways located within densely travelled hub areas, to operation-
al minima which are below the nominal levels established for CAT I, CAT II, or CAT
III levels of service. The result will be a compromise in safety, and/or an in-
crease in diversions and delays. Moreover, the description of the future events
that lead to an excess of actual over forecast requirements -- to such an extent
that MLS will be the clearly preferred alternative -- indicates that these events
are much likely to occur than those which result in a reduction in a requirement
level that is favorable to the ILS. The consideration of both the likelihood and
consequence of making the wrong decision favors the recommendation to implement MLS.
The following study results which are based on the forecast requirement for a net-
work of 1250 ground systems are therefore not only confirmed but are reinforced by
an analysis of the sensitivity of results to the National requirement level esta-
blished for precision guidance service.

1.2.2.9 Study Results. Summary of Economic Benefits. Comparison of the ILS and
MLS Alternatives. Based upon those economic factors that could be quantified (see
section 1.2 above), the benefits to the aviation user community provided by MILS ser-
vice (shown in table 1.2-23, arranged by user group) are some $671 million (1976,
constant-value dollars) greater than the benefits that would be provided by ILS ser-
vice. These incremental (MLS minus ILS) dollar benefits occurring in a given year
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during the 20-year planning horizon considered by the study were discounted at a
compound rate of 0.10 per year, and then aggregated to a present value total of
$671 million. Table 1.2-24 presents the same dollar benefit, but this time the ben-
efits are arranged by airport location and user group. These additional dollar ben-
efits are more than sufficient to offset the incremental (MLS minus ILS) costs nec-
essary to provide MLS service.

The comparison of costs between the ILS and MLS alternatives is shown in the
next section, 1.3.
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1.3 The Costs of ILS and MLS Alternatives

The costs presented in this section, are categorized according to (1) airborne
avionics, and (2) ground installations. The costs in each category are broken down
further into the investment component required to purchase or replace facilities and
equipment (F&E) and the operational component (operations and maintenance - O&M)
needed to maintain the investment in facilities and equipment.

1.3.1 Avionics Costs

1.3.1.1 Investment Costs. The differences in the unit costs of ILS and MLS avionics
systems are shown in Table 1.3-1. These costs were estimated on the assumption that
the user of the ILS system will not have to purchase a localizer receiver. Azimuth
guidance will be available to him from the receivers which are already on-board for
purposes of providing VOR navigational guidance. This assumption is favorable to
the accounting for ILS avionics costs. The MLS user, on the other hand, will need
to purchase receivers which provide guidance in both the azimuth and elevation
angles. Marker beacons or other equipment which is common to both the MLS and ILS
avionics equipment is excluded from the accounting of the differences in unit
avionics costs shown in Table 1.3-1. All unit equipment costs shown with the ex-
ception of the users of single engine propeller aircraft, is for dual installations
of avionics equipment. In addition, the MLS unit costs include an on-board computer
for the air carrier user group, the only group for which dollar benefits from the
ability to make curved approaches were estimated.

Table 1.3-1. Differences in Unit
Avionics System Costs Per Aircraft By User Group, in $ 1976

ILS MLS

Air Carriers $21,300* 29,264*

Commuters 5,000* 10,200*

General Aviation

Corporate Jets (Class C) 7,500* 10,200*

Multi Props (Class B) 2,200* 3,000*

Single Props (Class A) 800 1,500

*Redundant systems

The implemntation schedule for all aviation users to equip themselves with ILS or
MS avionics is provided in Tables 1.3-2 through 1.3-6. An example schedule of
avionics implementation is shown below for the Air Carrier user group. Similar
schedules of avionics implementation for all user groups are shown in Appendix G.
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Avionics Implementation

Table 1.3-2 --- Total Air Carrier Fleet (shown)

Table 1.3-3 --- Comuter Fleet

Table 1.3-4 --- General Aviation (Corporate jets)

Table 1.3-5 --- General Aviation (MUlti-engine props)

Table 1.3-6 General Aviation (Single-engine props)

The air carrier fleet size forecast for the start of the program in 1980 is shown
in Colum 1 of Table 1.3-2. Alternative estimates and forecasts can be proposed as
the required nunber of aircraft to be equipped with ILS or MLS avionics. For example,
the estimates of present air carrier fleet size based upon the data provided by the
CAB Aircraft Operating Cost and Performance Report, July 1975 indicate that the
domestic scheduled air carriers operated some ZOZI aircraft in CY 1974. These break
down into the following groups:

Domestic Tnmks 1409

Local Service 386

International Service 226

2021

The 226 aircraft operated by the domestic scheduled carriers in international opera-
tions can only be expected to be reflected in the benefits section of the report to
one-half of their dollar value since half the landings and takeoffs occur outside of
the domestic sphere of operations and are not counted in FAA activity statistics.
In effect, while it would be realistic to assune that all international aircraft
will be equipped to the same extent as the domestic fleet, this assumption allows us
only to reflect additional costs, but provides for no offsetting benefits. A fea-
sible compromise would be to include half of the international fleet in our account-
ing methods, namely 113 aircraft. This brings the total air carrier fleet size to
1908 aircraft. Similar indications of air carrier fleet size from various sources
such as ATA, NTSB, Port Authority of NY/NJ, and other sources within the CAB,
etc., all forecast about a 2000 aircraft level. Mbreover, an examination of the
record of fleet acquisitions, for the past 15 years, including a review of the data
for aircraft currently on order, suggests that the air carrier fleet has stabilized
at the 2000 figure and is not likely to change in the near future. Increases in
air carrier operations and passenger enplanements can be estimated as being borne by
larger sized aircraft replacing those currently in operation. This review suggests
that a conservative forecast for future air carrier fleet sizes would be more appro-
priate. However, the official FAA forecast for the future size of the air carrier
fleet is not for a stabilized level of 2000 aircraft. A conservative estimate would
favor the LS, since fewer numbers of avionics systems would need to be replaced with
wmre expensive MLS avionics equipment. The official estimate shown in Aviation Fore-
casts FY 1976-1987 is for 2600 aircraft in both scheduled and unscheduled operations
in FY 1976. But this fleet is estimated to grow to 3542 aircraft by FY 1987, a
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rate of growth of 3.3 percent or 85.8 additional aircraft per year. At this rate,
the FAA forecast is for 2943 aircraft to be in the air carrier fleet by 1980, some
900 additional aircraft in 4 years. Since it is assumed that the official forecasts
are based on the most realistic and relevant information and that these forecasts
are drawn to a consistent set of assumptions concerning the future state of the world,
the air carrier fleet that is used in the present study to be retrofitted with MLS is
consistent with the FAA forecast and is, indeed, numbered at 2943 aircraft by the year
1980 and grows at a rate of 85.8 aircraft per year to a total of 4659 aircraft by the
end of the program year 2000. This number can be found in Table 1.3-2 for the air
carrier group by adding the fleet size forecast for 1980, shown in Column 1, to the
net additions to this fleet shown in Column 2. Tables 1.3-3 through 1.3-6 (in
Appendix G) provide similar forecasts of fleet size estimates for the other aviation
user Groups. To repeat, the estimates of fleet sizes shown in these tables by in-
dividual user groups are based on official FAA forecasts. However, the cost model
developed for this section of the economic analysis can provide estimates of avionics
investment costs for any sub-grouping of the user's fleet made to any alternative
forecast level. Estimated avionics investment costs for the fleet of the individually
named airlines comprising the big four domestic trunk carriers are shown, for example,
in Tables 1.3-19a and 1.3-19b.

1.3.1.2 Analysis of ILS Avionics Investment Costs

The description of how ILS investment costs were determined is discussed below.
A similar description for the MLS appears in the next section.

ILS. The model used to calculate avionics costs assumes that the age
distrb-ution of the existing fleet is uniform and that the useful life of avionics
equipment is 15 years; 1/15 of the fleet is 15 years ol 1/15 is 14 years, etc.
Typically, avionics and the aircraft which house them, al, replaced together. There
is no practical method for a study limited to evaluating the alternatives of ILS
vs. MLS avionics to assume anything other than a normal replacement of 1/15 of the
aircraft and avionics systems each year. An estimate of the actual replacement of
avionics for a specific user in a given year depends upon a multitude of factors that
cannot be determined in the cursory evaluation presented in this study. These
factors include the consideration of the unique age distribution of the fleet for
individual users, the credit or investment posture of the individual carrier, the
demand for passenger or cargo service for those commercial aviation's customers, and
the relative attractiveness of the new models of aircraft and avionics being offered
by the manufacturers of this equipment. All of these factors contribute to an
individual aircraft owner's desire to invest in new aircraft, but they are subsumed
under the general assumption that 1/15 of the fleet, having a life of 15 years and
uniform age distribution, will be replaced each year.

Example calculation of ILS avionics costs for total carrier fleet

(1) 1980 fleet size = 2943 aircraft
(2) (1/15) (2943) = 196 aircraft retired annually at normal rate
(3) 85.8 aircraft, new additions annually
(4) Total annual replacement = (2) + (3) = 282 aircraft
(5) Annual cost of ILS = ($21,30 (ILS cost) x 282 = $6.006 millions
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It is important to note the impact that alternative fleet forecasts, shown in line
3 above, will have on the comparative costs of ILS vs. MLS Avionics. The economic
model used in this study assumes that during a transition period, nominally esti-
mated as 10 years, 85.8 new air carrier aircraft will be equipped each year with
both ILS and MLS avionics to a total of 858 aircraft. The costs assessed to the MLS
account include a provision for this redundant equipage. For the reason, any re-
duction in the size of fleet forecast for the end of the transition period would
yield a significant comparative advantage to the MLS.

The avionics investment costs to replace retired ILS equipment and to add this
equipment to new aircraft entering the fleet at an implementation rate given by
Columns 1 plus 2 in Tables 1.3-2 through 1.3-6 is provided in Table 1.3-7 through
1.3-12, arranged by individual aviation user group. Table 1.3-7 is shown below as an
example presentation of ILS avionics investment costs for the air carrier user group.
A summary compilation of costs for all user groups is provided in Table 1.3-12 and
is also shown below. The costs for other user groups are included in Appendix H.

ILS Avionics Investment Costs

Table 1.3-7 --- Total Air Carrier Fleet (shown)

Table 1.3-8 --- Commuter Fleet

Table 1.3-9 --- General Aviation (Corporate jets)

Table 1.3-10 --- General Aviation (Multi-engine props)

Table 1.3-11 --- General Aviation (Single-engine props)

Table 1.3-12 --- All Users (shown)

The total (discounted) dollar amount of investment costs for ILS avionics equipment
needed to operate the fleet forecast for all user groups through the year 2000 is
shown in Table 1.3-12 as $36.1 million.

Additional Investment Costs for ILS Avionics - A Need to Defer the Problem of ILS
Channel Limitations. A previous section 1.2.2.6 of this economic analysis chapter
discusses the fact that a principal reason for the incremental benefits accruing to
the implementation of the MLS is the difference in the number of airport locations
capable of providing unrestricted levels of precision guidance service. A portion
of this disparity in numbers of locations was based on the determination that a
problem with the congestion of ILS channels would limit the continuing implementa-
tion of ILS. There was a need identified for a conversion to 50 Hz channel separa-
tion for existing ILS ground equipment before the 933rd unit is installed. This
conversion would defer the ILS channel problem until an absolute limit to ILS oper-
ations was reached at approximately the 1400th ground system level. Asssuming a
lirar rate of implementation from the present number of installations, it was cal-
uwated that with 50 kHz channel separation, the 933rd installation will be reached
n the year 1988.
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Thus, the investment costs for ILS avionics include the costs to change fre-
quencies in the year 1988. A change in ILS frequencies to 50 kHz separations will
require that airborne avionics equipment be replaced to provide the selectivity
necessary for 50 kHz channel separation. The costs to convert ILS avionics for 50
ldz channels required to delay the problems of ILS channel limitations are shown
below:

Unit Costs to Convert ILS Avionics to 50 kHz

Unit Cost % Already Converted % Planned
(approximately)

Air Carriers .... $10,000 50% 100%

Conmuters .... $ 4,000 0 100%

General Aviation,

Corporate Jets .... $ 4,000 0 100%

Private Prop .... $ 1,800 0 35%

It should be noted that approximately 50 percent of the airline fleet has already
been converted to 50 kHz avionics. The incremental costs to the users of ILS were
based on the forecasts for the numbers of aircraft operating in the year 1988. The
avionics for the entire fleet were estimated to be converted to the planned percent-
age levels of equipage shown above. The additional ILS investment costs to convert
avionics to narrower frequency bands are shown in the fourth column of Tables 1.3-7
through 1.3-12 for various user groups. Table 1.3-7, for example, indicates that
the cost to convert the balance of the air carrier fleet forecast for the year 1988
is $18 million. This expenditure in 1988 is valued at $8 millions in present-value,
discounted, dollars.

1.3.1.3 Analysis of MLS Avionics Investment Costs

MLS. The rate at which MLS avionics equipment is implemented into the national
systeiiF-f aircraft is shown in Column 3 of Tables 1.3-2 through 1.3-6, already pre-
sented. The fleet sizes and the percent of the fleet to be equipped with MLS
avionics are identical to ILS. The rate of implementation for MLS is implied in the
assumption of a nominal 10-year transition period. The number of aircraft equipped
with NILS starts at a level of zero in the first year of the program, 1980, and
builds to a level which is identical to the number of ILS by the end of the transi-
tion period. Note, for example, in Table 1.3-2 for the air carrier fleet that by
1990 there are 3801 MLS avionics systems implemented. This total is identical to
the 2943 ILS systems in place by 1980, plus the 858 new systems added at a rate of
85.8 systems per year. The cost calculations for the MLS are based upon the imple-
mentation schedule shown in Column 3 of Tables 1.3-2 through 1.3-6.
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Example Calculation of MLS Avionics Investment Costs for Air Carriers:

(1) By 1990, 2943 existing ILS systems plus 858 systems for the growth in
fleet size, to a total of 3801 systems, are replaced by MLS. This is accomplished
by implementing at a rate of 380.1 systems per year for the length of the 10-year
transition period.

(2) 380.1 x $29,264 (MS cost) = $1.1 million in annual investment costs. The
results of this calculation are shown in Table 1.3-13 for the air carrier user group.
Similar MLS avionics investment cost calculations for other aviation user groups
are provided in Tables 1.3-14 through 1.3-18 included in Appendix I. The MLS in-
vestment costs for the air carrier group are shown below in Table 1.3-13. The costs
for the summary of all aviation user groups are shown in Table 1.3-18.

MLS Avionics Investment and O&M Costs

Table 1.3-13 --- Total Air Carrier Fleet (shown)

Table 1.3-14 --- Commuter Fleet

Table 1.3-15 --- General Aviation (Corporate jets)

Table 1.3-16 --- General Aviation (Multi-props)

Table 1.3-17 --- General Aviation (Single-props)

Table 1.3-18 --- All Users (shown)

The discounted total of MLS avionics investment costs for the example of the
summnary of all user groups is observed, in Table 1.3-18, to be $467.4 million.
These are the costs for equipping new and old aircraft with MLS avionics plus an
additional burden to the NLS account of continuing to equip new aircraft with ILS
and replacing retired ILS avionics during the transition period. It is interesting
to note the contrasting pattern of costs for ILS vs. MLS avionics. The ILS invest-
ment costs, shown for example in Table 1.3-7 for the air carrier group, remain con-
stant each year until 15 years after the start of the program. However, in 1995
the avionics costs for the new additions to the fleet added at a rate of 85.8 per
year starting in 1980 are ready for retirement. Total annual ILS investment costs
show an increase in 1996 to reflect the replacement of equipment that was installed
in these aircraft starting in 1980. The older fleet is retired at a normal rate
from 1990 to 1995. The costs for the MLS fleet on the other hand, will have an en-
tire fleet whose avionics equipment is less than 10 years old by the end of the
transition per4 9d. One advantage of retrofitting with new MIS avionics equipment
is that no equipment need be retired until 1995 when the systems first installed in
1980 become 15 years old. Thus, from 1990 to 1995, there is a marked drop-off in
LS avionics investment costs as shown in Table 1.3-13 for the air carrier user
group and in Table 1.3-18 for all aviation users. This results in a net incremental
MLS-ILS reduction in avionics investment costs during this 5-year period.

The incremental investment costs for all user categories are shown in Table
1.3-19 in section 1.3.1.5. Note the negative signs shown for the period from 1991
to 1996 reflecting lower incremental costs to the MLS due to the more favorable age
distribution of this equipment.
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1.3.1.4 Avionics Operation and Maintenance Costs. The annual costs to operate and
maintain a unit of N or ILS avionics equipmnt are shown below. The ILS costs
to the air carriers, canuters and corporate jets include the additional costs of
the ILS for unverified removals. The ability to make accurate diagnoses of equipment
failures with 145 results in a smaller incremental O&M cost.

Unit O&M Costs, Annual by User Group

In $ 1976

ILS 14S

Air Carriers $685 $735

Comnuter 145 280

General Aviation

Corporate Jets 145 280

Multi-props 40 75

Single-prop 40 75

Example Calculation of Annual O&M Costs:

(1) For the ILS Air Carrier Fleet

From Table 1.3-2, there are 2943 existing avionics systems in 1981 plus 86 new
additions to the fleet, for a total of 3029 systems. These ILS avionics must be
maintained at a unit cost of $685 per year. Thus, for a fleet of 3029 aircraft
forecast to be operating in 1981, O&M costs were calculated to be (3029) x ($685) =
$2.07 millions. This dollar value appears in Table 1.3-7, already presented, for the
year 1981. Similar calculations were made for each year of the 20 year life of the
program and are shown in Tables 1.3-7 through 1.3-11. These tables, already described
as providing ILS avionics investments cost are arranged by individual user group.

(2) For the KS Air Carrier Fleet

From Table 1.3-2 we note that in 1981 for the air carrier group, there are 2943
existing avionics systems, and 86 new additions to the fleet, the identical number
shown for the ILS fleet of avionics. Plus, there are now 380 IS systems installed
in the first year of the program; a total of 3409 systems operating in 1981. Thus,
O&M costs were calculated in 1981 to be equal to the total of O&M costs for ILS
equipment (2943+86) x ($685) - $2.07 millions plus the costs for AS equipment
installed in 1981, or (380) x ($735) - $0.279 million for a total of $2.34 millions.
The dollar values for each year of the 20 year program are shown in Table 1.3-13 for
the air carrier fleet. This total grows to a maximun of $5.39 millions by the end
of the transition year in 1990, and is made up of $2.79 millions for the full numbers
of air carrier aircraft in operation in 1990 plus $2.60 millions as the burden to lS
for operating and maintaining the fleet of ILS avionics equipment in existence during
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this last year of the transition period. By 1991, the ILS burden is removed and
the incremental OM costs for MS avionics equipment is reduced to $2.86 millions as
shown in Table 1.3-13. The summary compilation of AS avionics costs, both investment
and O&M, is shown in Table 1.3-18 for all user groups.

As discussed previously, the operational consideration implicit in the assump-
tion of a transition period is that there will be no reduction in the amount of pre-
cision guidance service provided to the users of the National Aviation System. This
can only be assured by postulating a redundant system for ILS and MLS during a
transition to MS. For this reason, the method of accounting for costs assumes that
the AS system will be charged for the full costs of maintaining redundant ILS and
?'LS systems during the transition period. By the end of the transition, the additional
burden of carrying the operating costs of the ILS avionics system is removed from the
MLS account. This means that the incremental costs to the LS system are represented
by the full amount of ILS and AS operational costs i.e., ($MLS + $ILS) - $ILS =
$MLS) for the years of the transition, 1980 to 1990. After that time, the incremental
operating costs for avionics are represented by the lower dollar value, $MLS - $ILS.

Finally, it should be noted that there is no logical or inherent reason for
the unit cost of annual ALS maintenance to exceed the cost for the ILS.
To the contrary, the capability of avoiding unnecessary costs due to faulty
diagnoses indicates that the AS should have a cost advantage. However, the AS
unit OM costs which are shown above are not based on actual operational experience,
but are related to a percentage of the original purchase price of the equipment. A
general proportional relationship between original purchase price and O&M cost is
postulated. But, this assumption leads to the ludicrous result that if a given
manufacturer decided to improve the reliability of his equipment to the most advanced
engineering level possible, he would never realize any reward for his efforts. The
increased costs for the advanced equipment design would, despite operational experience
to the contrary, lead to the erroneous determination that it costs more to maintain
this equipment because the original purchase price was greater. From Table 1.3-1,
shown previously, we learn that unit avionics investment costs are greater for the
MS. Thus, by the assumption of a general rule that is not based on operational
capability we are forced to conclude that unit O&M costs are, likwise, greater. The
tables included in this section of the economic analysis go along with the assumption.
However, in conducting sensitivity analyses at the conclusion of this chapter, the
assumption of greater O&M costs for vS avionics equipment was modified to one which
assumes that unit O&M costs for avionics are equal for MLS and ILS equipment.

1.3.1.5 Incremental MLS and ILS Avionics Costs. Tables 1.3-19 provides a summary
of incremental, NILS - ILS, avionics costs, both investment and O&M, arranged by user
group. This summary includes a detailed breakout of the differences in avionics
costs for four major scheduled airlines. The costs shown in Table 1.3-19 are for a
ten year transition period and a planned requirement level of 1250 ground systems by
the year 2000. The negative incremental costs to MLS (a net difference in favor of
MLS) that are shown in 1988 result from the added costs of frequency conversion for
the ILS system in order to delay the problem of channel congestion. To repeat, a
similar change in sign for incremental costs in favor of LS appears in the air car-
rier user group during the years 1991 thru 1995. As discussed, this is due to the
reduction in MLS investment costs resulting from having newer equipment in place by

*the end of the transition period, 1990. New MLS equipment that was retrofitted in
1980 does not reach the age of retirement until 1995.

1-77



. .. .. . . .. -4.-

-r 4 C, Q

.j* 4 m. F' w fn 0 m i.Y V.-0 C, C, w' 0

CO 5 M~ & ty 50

.0 4 4 t

.4 4 C 4 -j D 4 - , C c N tu' -Tt0 le V 0 10 w

M .4f. 0 WC M'. O -4 'D a *0

z .0 - 91.A 'A.It Ia n cN P- 040 LfA*

t 4.D4 w 905
Cb -4 fs 4 ) - a NI

4 0 4 P- w 04 06-40

I a C ON t A -.1 C 0N ~ . ~ C 4 N- 0,0 5-S- '
VS 0~ 0, C V C0., V%00 4 O -' .0 M M .40

v*O4 Nr' w oC 5-0 0C.--.t I 44 0 AN40I a a0.
w * 0 1- aowco. c .

0 fl LA fn( 44*1 lcc0ct

- z 4W*

0 0 *r CC C4 C* ' y 4 * 4
U6 cc 4 *0nQ44 %

t- f- .OO ~ C 0CI0I 4 I u cl %0 404o 9
U & V, 0O t O-oN A'- 000 00O 0N 4r.,t P4

ce uj 4 4 .

I z 410P

45 %A W j-6 4 M 'N .u4o 01 4 M 05N4 1- V% V
_# a U- 0 ON4IAO.. - N, OO 0, 4 9ft45*

IA PU co 05 r' 0n UU *oc , -j o 0

ccw * a- F. 4o -rc4 Lf f y 1 *
4 2 -4 o 6 r fn *yN0 -z 0 0ul. 0 r

o0c 0 *0 N r 14 C ; mNZ50.M00 0 4 0 N c
-4 W4 OD co4f.N~O ccNN.~% go on V06 -

U 4

4 ~ ~ ~ ~ ~ k 0I ~ lS6. 0 4~

ow -- NP Ne A - 0- 4 U N 4' 0O- N US 0. M

4 4*5 4 O 0 l 4 4 a
1- m r 4w *n NN "MM
2 -c N 4 f- 0 4n0W 04. 4 *4

Os ~ ~ ~~ W V. * *. t.~ c cc ... 0U ^ 0 4

It 65 0 tA 4
5 -

F t tv 4 - .0 m.. 4 FY N fa

# 34 40ON"1 -N I iNNNN 00o0m N 1%

m UN m t- * P o ,0

40 v w *o0wm t
4 . 4. c. .. V.cC.. .CI DI 0000C

1-c ~ 41-78



From Table 1.3-19, we learn that the 20 year discounted total of incremental
avionics costs, both investment and operating, for all user groups is calculated as
$172.1 millions.

1.3.2 Ground System Costs

This cost component accrues to the FAA "User Group," the owner and operator of
the ground facilities and equipment. The format used to account for these costs is
similar to the one used for avionics costs. Costs are categorized according to
a) investment and b) operating and maintenance costs, and the following procedure
is used to estimate them:

(1) An inventory of the present levels of ILS ground installations was made
for each airport type and service levels; i.e., there are approximately
110 CAT I, II, and III installations at the top 40, type A airports; 155
of CAT I and II service levels at type B airports, etc. (see Appendix J)

(2) The current inventory levels of ground installations were forecast to the
year 1980, the start of the program; approximately 720 ILS.

(3) Additional forecasts of inventory levels for all service levels and air-
port types were made to the end of the transition period (nominally, the
year 1990) and to the end of the program, year 2000.

(4) Levels of NILS implementation were established as being equal to the in-
ventory for ILS equipment in place by the end of the transition period.

(5) No deterioration in service occurs during the transition period since
those ILS systems in place at the start of the program in year 1980 are
retained for the length of the transition period. The costs for oper-
ating and maintaining this ILS equipment are charged to the MLS account
during this period. There will be an appreciation in service at some lo-
cations that cannot meet full CAT I, II, or III levels with ILS equipment
but can meet these levels with MLS.

1.3.2.1 ILS Ground Investment Costs. The investments required for ground installa-

tions consist of the following kinds of expenditures:

For ILS

(1) Unit ground equipment cost

a. original installation

b. upgraded from lower service level

(2) Site preparation cost

(3) Replacements of tubes to solid state

(4) 50 kHz frequency conversion
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The unit investment costs required in each of the above classifications (1)
through (4) depends upon the service level of equipment being installed and the air-
port receiving the installation. For example, CAT II equipment costs more than
CAT I. In addition, the level (category) of equipment which is installed depends
upon airport type: type A airports are equipped up to CAT III levels, type B up to
CAT II, airport types C through D up to CAT I.

Upgrading costs are relevant only for those airport locations with existing
ILS runways at full CAT I or CAT II levels that are estimated to be upgraded to ei-
ther CAT II or CAT III levels, respectively. The unit equipment investment costs
for upgraded sites are identical to those for runways at which an original installa-
tion is to be made. However, those sites which are upgraded are estimated to have
some of the site preparation costs already expended for the previous installation.
Hence, the costs for preparing a site to a higher service level is less than that
nominally required for an original installation.

Site modification costs are necessary investment expenditures for ILS equip-
ment. A survey was made of the most recent ILS installations, and the costs to pre-
pare these sites were arrayed in a frequency distribution. The median (50 percent)
level of these costs was $170,000; 70 percent of the costs were higher than
$140,000; 40 percent were higher than $190,000. The highest cost for site prepara-
tion was $2,000,000 (CAT III). The present study assigns a nominal site preparation
cost and a difficult or high site preparation cost for each airport type location
and category of use. The estimated distribution was that 75 percent would be nomi-
nal sites and 25 percent difficult sites.

Tube modification costs were included for all presently installed CAT I instal-
lations estimated to be retrofitted to solid-state electronics. The O&M costs for
ILS equipment shown below include the assumption that this equipment will be solid
state.

In Chapter 2, in a discussion of 'tMLS Technical' and Performance Requirements,"
the problems with ILS channel limitations are described (Section 2.3). These limi-
tations are reflected here in higher ground system costs. It was pointed out that
conversion to 50 kHz channel separation was imperative if the number of ground sys-
tems are to expand beyond an approximate limit of 930 systems. However, this con-
version does not result in a long time solution because growth will begin to become
constrained again at approximately the 1400 system level. The cost to convert
equipment is significant both to the users and to the federal government.

It was estimated in Section 2.3 that the last 25 percent of the ground instal-
lations required to satisfy a requirement of a network of 1250 systems will intro-
duce a "domino effect" on existing installations. This will require that two fre-
quency changes be made to an existing system in the vicinity of the new installa-
tion. Beginning with the 934th system, two frequency changes per future installa-
tion must be made at a cost of approximately $12,500 per change or $25,000 per in-
stallation. As discussed previously, the year in which the 934th installation is
expected to occur can be estimated by assuming a linear rate of implementation from
the number of present-day installations to reach the 1250 system level required by
the year 2000. A linear rate of implementation to a level of 1250 systems will
result in the 934th installation occurring in 1988. The estimation of incremental
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investment costs required for ground installations of MLS vs. ILS equipment is,
therefore, shown in the study as an addition to the ILS account in the year 1988.

The unit ground investment costs for ILS equipment for two illustrative exam-
ples of airport types and service levels (Type A airport, CAT I; Type B airport,
CAT II) are summarized below.

Example 1: Unit ILS Ground Investment Costs: Airport Type A, CAT I ($ 1976)

(1) Ground equipment
original installation $222,900

(2) Site preparation
nominal (75 percent) 90,000
difficult (25 percent) 230,000

(3) Solid-state modification 222,900
(4) Frequency conversion 25,000

Example 2: Unit ILS Ground Investment Costs: Airport Type B, CAT II ($ 1976)

(1) Ground equipment
original installation $417,000
upgrade from CAT I 417,000

(2) Site preparation
nominal (75 percent) 152,000
difficult (25 percent) 350,000
upgrade 62,000

(3) Solid-state modification ---
(4) Frequency conversion 25,000

1.3.2.2 MLS Ground Investment Costs. The compilation of investment costs for the
MIS is an easier one to make. There are no component costs for site preparation
above normal installation costs; more frequency conversion, or vacuum tube replace-
ment costs. All of the applicable costs are subsumed in the original investment
price for MS equipment.

However, two CAT I versions of MLS equipment are estimated to be implemented,
depending upon airport type: 1) the Basic MLS equipment provides CAT I service with
wide azimuth coverage (±60 percent) at type A airports, at a unit cost of $310,400;
higher service levels are provided at additional cost; 2) the small conmity ver-
sion or SCILS provides CAT I service with ±100 azimuth coverage, at a unit cost of
$214,125. The distribution of the two versions of MLS CAT I equipment to the vari-
ous airport types scheduled to receive this service is:

Airport Type A. 100 percent basic version
Airport Type B. Basic version for all illustrations estimated

to be upgraded to CAT II service
Small Community (SO4LS) version for all CAT I
installations.

Airports C and D. 100 percent SOILS version.
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The unit investment costs for MLS ground equipment for various service levels
and airport types are summarized below:

MLS GROUND INVEM T COSTS ($ 1976)

Airport Type Basic Small Commuity
Cat Cat II Cat III

A $310,410 $495,000 $860,000 $214,125
B 310,410 495,000 214,125
C-D --.--- -- 214,125

1.3.2.3 MLS and ILS Ground Operating and Maintenance (O&M) Costs. The annual cost
to operate and maintain a ground installation, ILS or MLS, depends upon the level
of service being implemented at a given airport type location. Annual O&M costs
(including Flight Inspection Costs) per installation are provided below for the same
two illustrative examples of ground costs shown above for investment costs.

Example 1: Annual O&M Costs: Airport Type A, CAT I; ILS vs AS ($ 1976)

ILS: Solid State $27,000
Vacuum Tubes 43,000

ALS: Basic $24,000

Example 2: Annual O&M Costs; Airport Type B, CAT II;ILS vs MILS ($ 1976)

ILS: Solid State $56,000
IY: Basic 31,000

The O&M costs which are cited above are based upon the present concept and pro-
cedures for maintaining ground equipment, including prescribed flight inspections.
However, the opportunity exists with MLS equipment to use a centralized monitoring
concept with remote diagnostics in order to reduce maintenance costs. MLS equipment
is better able to avail itself of this opportunity due to its inherent technical fea-
tures of digital design and reduced dependency upon periodic inspections. This poten-
tial advantage for MLS is discussed in detail in the "Federal Cost Reductions ," sec-
tion (2.4). It suggests that the O&M costs cited above could be reduced significantly
by the use of a centralized maintenance concept with MIS. These potential savings are:

(1) $24,000 annually for the Basic CAT I MLS at Type A airports could be re-
duced to an estimated $17,000.

(2) $31,000 annually for the Basic CAT II at Type A airports could be reduced
to an estimated $24,000.

(3) $18,000 annually for the Small Community MLS could be reduced to an
estimated $12,000.

A stmmary of the ILS and MLS investment and O&M Costs are shown in Table 1.3-20.
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Table 1.3-20. Unit ILS/MLS Ground Cost Comparisons.
($19761

ILS GROW INSTALLATION CAT-I CAT-II CAT-III

Investment Costs* $222,900 $417,000 $740,000

Site Preparation costs

" Nominal 90,000 152,000 152,000
" Difficult 230,000 350,000 350,000

O&M Costs (includes f1t.
insp. costs)

e Solid State 27,000 56,000 65,000

e Tube 43,000 ......

Flight Inspection Costs

e Periodic 7,250 7,250 7,250
* Non-Periodic (not

included in analysis) 1,924 1,924 1,924

M.S GROUND INSTALLATICN

Investment Costs* $310,410 (Basic) $495,400 $860,000
214,125 (SCMLS)

O&M Costs (includes flt.
insp. costs)

e Current Maintenance 24,000 (Basic) 31,000 46,000
Cmcept 18,000 (SMILS)

* Centralized Maintenance 17,000 (Basic) 24,000 30,000

Concept 12,000 (S(C4LS)

Flight Inspection Costs

* Periodic $ 3,600 $ 3,600 $ 3,600
* Non-Periodic --.-....

'Installation costs (exclusive of site preparation) are included in the investment
costs shown.

1-83



The potential for reductions in 0&M costs for MLS equipment due to the intro-
duction of a centralized maintenance concept is shown at the end of this chapter
where the results of a Sensitivity Analysis are shown that tested the study's con-
clusions against an array of alternative assumptions. The reader is reminded of
the fact that the O&M costs presented in this section of the report do not include
the potential cost savings afforded by the possibility of using a centralized moni-
toring concept for maintaining MLS ground equipment.

1.3.3 ILS and MLS Ground Implementation Schedule and Costs by Airport Type and
Service Level.

The unit investment costs for ground installations, described above, must be
multiplied by the number of installations required each year in order to determine
the annual investment cost. The unit operating cost must, likewise, be multiplied
by the total number of units in operation in order to arrive at an annual expendi-
ture for O&M. The number of installations required to be made each year and their
addition to the total number of systems in operation, were determined from a set of
requirements for precision guidance service drawn up for each airport type and ser-
vice level. The total number of installations from CAT I through CAT III were esti-
mated for the National requirement of 1250 systems to be installed by the year 2000.
An illustrative example of the specific requirements for ILS and MLS ground equip-ment based on these planned target levels is shown below in Table 1.3-21.1 for a
Type A airport equipped to Category I levels. Similar requirement schedules for
all airport types and service levels are shown in Appendix K.

Ground Systems to be Commissioned From
Present Levels to Planned Requirements by Year 2000

Table 1.3-21.1 Type A Airports, Cat I: 1250 Systems (shown)
1.3-21.2 Type A Airports, Cat II:
1.3-21.3 Type A Airports, Cat III:
1.3-22.1 Type B Airports, Cat I:
1.3-22.2 Type B Airports, Cat II:
1.3-23.1 Type C Airports, Cat I:
1.3-24.1 Type D Airports, Cat I:

The schedule of requirements (1) starts with the current inventory of installa-
tions, (2) forecasts this inventory to the start of the program year (based on FAA/
AVP-120 forecasts), 1980, (3) estimates the inventory level required in the year
2000, and (4) interpolates the resulting requirement for precision guidance during
the transition period.

This analysis estimates that MLS will build up to the same number of ILS in-
stallations by the end of the transition period, including the forecasted growth in
ILS, and will keep pace with those additional installations planned through the year
2000 (see Figure 1.1-1 and 1.1-2 shown previously).

1.3.3.1 Sumary of Planned Installations Meeting Required Service Levels. From
Table 1.3-21.1 it can be seen that there are 12 additional runways providing full
CAT I service with MLS for the 80 installations at Type A airports planned by the
year 2000.
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Table 1.3-21.1 provides an example review of the study's method for estimating
costs for ground installations. The example shown is for type A airports receiving
CAT I service.

(1) The numbers of installations currently equipped with vacuum tubes, some
57 CAT I installations in place at type A airports, will be replaced with
solid state electronics. All installations made after 1980 will be of
the solid state variety.

(2) The 68 installations upgraded from CAT I to CAT II service levels under
Option (b) will be reflected in the accounting of investment costs for
CAT II service at type A locations.

(3) Those additional installations required to meet the planning levels estab-
lished for the year 2000 will have the unit equipment costs, either ILS
or MLS, associated with the given airport type A and level of service
CAT I; i.e., each ILS unit will cost $222,900, each MLS $310,410.

(4) Added to the unit equipment cost will be costs for site preparation for
the ILS. Seventy-five percent of ILS installations will have a nominal
site preparation cost of $90,000, 25 percent will have a high preparation
cost for difficult sites of $230,000. The 68 installations upgraded to
CAT II will have a site preparation cost of $62,000.

(5) MIS unit equipment costs will be $310,410 for all type A airports provid-
ing CAT I service. Type B airports providing CAT I service will receive
an installation of a lower unit priced equipment; a Small Community MLS
costing $214,125. Those type B airports which will be updated to CAT II
service receive the Basic model. Airport types C and D will be provided
with the small community MLS (SCMLS) exclusively.

(6) Costs to convert existing ILS ground installations to new channel frequen-
cies are assessed at $25,000 per installation in the year 1988.

(7) The differential ability of MLS equipment to provide the full, nominal,
level of service is shown for the example of CAT I service at type A air-
ports. Of the 102 runway locations forecast to receive CAT I service by
the start of the program in year 1980, 20 installations are estimated to
be "restricted" (below full CAT I levels) using I1S equipment. This num-
ber is reduced to 12 with MLS equipment; a net addition of 8 installations
able to provide full service.

For the 1250 total system requirement, the percent of "restricted" installa-
tions improved by MLS is estimated at an average of 26 percent. A sumnary of the
total ground installations to be in place by the year 2000, including the number
estimated as being "restricted", are shown in Table 1.3-22. The number of ground
installations shown in Table 1.3-22 are categorized according to (1) system require-
ment option, (2) level of service and (3) airport type.

It is essential to note that it is the difference in the number of installa-
tions providing full, unrestricted, service to the nominal levels of CAT I, II or
III that accounts for the incremental benefits accruing to IS equipment in the
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categories of Improved Safety and Flight Disruptions, described previously. How-
ever, on the cost side there was no adjustment made for the different numbers of
MS vs. ILS installations providing full service. It will be recalled that during
the transition period, the MIS system is charged for the costs to operate and main-
tain the network of ILS installations which remain as a parallel or redundant system.
It can be argued that the operating costs for "restricted" ILS systems should not
be carried as a burden to the MLS if the latter system is capable of providing a
higher level of service. Moreover, there should be a reduction in the ILS invest-
ment costs, not merely the operating expenses, charged to the MLS accounts to repre-
sent the opportunity cost lost in investing in ILS equipment when it does not de-
liver full service, in contrast to an alternative investment in KS that does pro-
vide this service. Finally, an economic comparison of costs should exclude those
ILS costs carried as a burden to the MLS account during the transition period, for
that portion of those previous expenditures made to acquire the runway, when this
runway is not available for use because of ILS restrictions that can be removed by
MLS. However, consistent with the study's intention to remain conservative in its
analysis of the MLS alternative, the above adjustment in costs which would reduce
the burden to the MLS of carrying that portion of the ILS equipment which can not
provide full service, has been omitted from the study.

1.3.3.2 ILS Ground Cost Stnary. The costs to implement ILS ground system at an
example location and service level--type A airports with CAT I service--are shown
in Table 1.3-23.

The costs to implement and operate ILS equipment at other airport locations
and service levels are shown in Tables 1.3-24 through 1.3-29 in Appendix M.

Table 1.3-23 ILS ground costs for type A locations, CAT I (shown)
Table 1.3-24 ILS ground costs for type A locations, CAT II
Table 1.3-25 ILS ground costs for type A locations, CAT III
Table 1.3-26 ILS ground costs for type B locations, CAT I
Table 1.3-27 ILS ground costs for type B locations, CAT II
Table 1.3-28 ILS ground costs for type C locations, CAT I
Table 1.3-29 ILS ground costs for type D locations, CAT I
Table 1.3-31 ILS ground costs for all locations and levels (shown)
Tables 1.3-30 (Intentionally left unassigned)

and 1.3-32

Table 1.3-31 provides a summary of ILS ground costs for all locations, all ser-
vice levels. The cost in discounted dollars to continue to implement and maintain
a national system of 1250 ILS facilities for 20 years is shown in Table 1.3-31
as $507.5 million.
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Table 1.3-22. Stummary of Ground Installations to Year 2000

1250 Systems

Airport Types Levels I II III Total

A 80 130 40 250
Restricted 30 6 2 38
WIS Removed 12 3 1 16

B 179 221 - - 400
Restricted 60 20 -- 80
NIS Removed 23 10 -- 33

C 525 -- -- 525
Restricted 182 - -- 182
AIS Removed 26 ---- 26

D 75 ---- 75
Restricted 28 ---- 28
MIS Removed 11 - - - - 11

Totals Installations 859 221 40 1250

Restricted 300 26 2 328

MIS Removed 72 13 1 86
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1.3.3.3 MLS Ground Cost Sunnary. The costs to implement MLS ground systems at an
example location and service level--type A airports with CAT I service--are shown
in Table 1.3-33 for a network of 1250 systems. (Table 1.3-32 has been left unas-
signed deliberately in order to facilitate the comparison between ILS and MS ground
costs, i.e., Table 1.3-23 is for ILS; Table 1.3-33 is MLS: Table 1.3-24 is ILS,
Table 1.3-34 is MIS, etc.) The costs for the FAA to implement and operate MLS
equipment at all airport locations and service levels not shown in Tables 1.3-33
and 1.3-41 are provided in Appendix N.

Table 1.3-33 MIS ground costs for type A locations, CAT I (shown)
Table 1.3-34 MLS ground costs for type A locations, CAT II
Table 1.3-35 MLS ground costs for type A locations, CAT III
Table 1.3-36 MIS ground costs for type B locations, CAT I
Table 1.3-37 MIS ground costs for type B locations, CAT II
Table 1.3-38 MIS ground costs for type C locations, CAT I
Table 1.3-39 MLS ground costs for type D locations, CAT I
Table 1.3-41 MLS ground costs for all locations and levels (shown)

Table 1.3-42 is a summary presentation of the incremental, MLS-ILS, ground
costs incurred by the FAA at all airport type locations and service levels.

New Savings in Ground Costs to FAA "User". From Table 1.3-42 it can be noted
that there is a net cost saving to the FAA (indicated by the minus sign) of $39.9
million for a comparable total 20 year program of MLS vs. ILS implementation intend-
ed to reach the objective of a network of 1250 ground systems. However, a net
saving is not indicated for all airport types and service levels. There is, for
example, a cost increment identified for those NILS installations performing to CAT
I levels at airport types A, B and C.

It is important to note that the incremental costs shown in Table 1.3-42 con-
firm the intuitive notion that the currently installed ILS system will be favored
under present-day operational requirements. The investment in CAT I equipment has
already been undertaken to a large extent at existing airport locations of types A,
B and C. Thus, the incremental costs do not favor the MS at these locatioas. How-
ever, as requirements are estimated to grow in the future to the higher category
levels of II and III and as more type C and D airports (small hubs and small conmu-
nity) are newly qualified to be equipped with precision guidance, the incremental
costs become negative, indicating a favorable turn to MLS equipment.

Finally, it is important to note that for every airport type and service level,
there is a net MIS savings (minus sign) to the FAA for all individual years follow-
ing the end of the transition period in 1990. After the transition, net savings
begin to accrue to the MLS and continue until the end of the planning period in the
year 2000 and beyond. The study's method of analysis provided the MLS with only 10
years, from the year 1991 to the year 2000, to make up for the incremental additions
to costs incurred by having the MLS carry the cost burden of maintaining both ILS
and MIS during the transition period from 1980 to 1990. The effect of "discounting"
is to diminish the size of any potential savings because they occur in the later,
post-transition years of the program evaluation period. On the other hand, the
"burden" to the MLS of maintaining existing ILS installations, predominantly CAT I
equipment at major and medium sized airports (types A and B), is incurred during theearly (low discount) program years. But, despite the ILS "burden" ad the effect
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of discounting, the cost savings which occur to the MLS in the later years of the
program provide a net savings to the FAA of some $40 million.

1.3.3.4 Samuary Conclusion. Ground System Costs to the FAA "User". The implementa-
tion of an MLS system is favorable to the FAA at a presently planned level of 1250
systems. The degree by which the MS is favored by the government will continue to
increase as the requirements for precision guidance equipment are estimated to grow,
both in the level of service offered at each runway location, in the total number
of installations providing service, and in the length of the planning period used to
evaluate the MS vs. ILS program alternatives.
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1.4 ECONCMIC ANALYSIS SlMMARY

The following series of tables represent summaries of benefit and cost data
already presented. They are now organized, however, into a format which will fa-
cilitate an economic comparison of the MLS vs. ILS program options.

1.4.1 Aviation User Costs (Avionics)

Table 1.4-1 represents an integration of avionics costs--investment, O&M and
frequency conversion--for aircraft operating within a national system of airports
that have been equipped with 1250 precision guidance ground installations of vari-
ous service level capabilities from CAT I to CAT III. These avionics costs arecategorized by aviation user group. For example, the incremental ($MLS - $ILS)
costs to implement the air carrier user are shown as $68.6 million; the incremental
costs for the general aviation category of corporate jets are shown as $41.4 mil-
lion. The incremental avionics costs to all aviation users is $151.1 million.

1.4.2 Aviation User Benefits

The remaining tables required to arrive at a general evaluation mechanism are
the summaries of incremental dollar benefits accruing to a national system of MLS
installations, categorized according to aviation user groups.

Table 1.2-23, already presented but repeated here for the convenience of the
reader, provides a summary presentation of benefits by benefit category and user
group. The total incremental, MLS-ILS, benefits accruing to all users is shown as
$670 million.

Finally, the individual summaries of dollar costs and benefits are combined in
an overall presentation in Table 1.4-2. Incremental benefits and costs and compar-
ative ratios of benefits to costs are shown for all airport location types, and
categorized by individual user group.
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Table 1.4-1. Summary of Incremental
Avionics Costs by User Group

Avionics Costs Include: 1) Investment, 2) O&M, 3) Frequency Conversion
(In Millions of 1976 Dollars, Discounted at 0.10)

User Group MLS ILS WS-ILS

Total Air Carriers $150.8 $ 82.2 $ 68.6

Commuters 17.7 8.9 8.8

General Aviation

Corporate Jets 98.9 57.5 4114
Multi Prop 44.5 29.1 15.4
Single Prop 155.4 117.6 37.8

Total All Users: $467.3 $295.3 $172.0

Source: tables 1.3-7 through 1.3-11; for ILS
tables 1.3-13 through 1.3-17; for MLS

19
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1.5 ECONOMIC ANALYSIS CONCLUSIONS

1.5.1 Aviation Users

From Table 1.4-2 we can determine that there is a net benefit (benefits less
costs) to the general community of aviation users resulting from the implementation
of an MLS program.

For the consensus of aviation users, there is a net benefit of $500 million.
The consensus ratio of incremental benefits to costs is at a favorable level of 3.9
to 1; incremental benefits are $670 million and incremental costs are $170 million
as shown in Table 1.4-2.

The Air Carrier user group is shown as benefitting the most from the instal-
lation of the MLS as the standard for precision guidance service in place of the
ILS; a benefit/cost ratio of 8.5 was estimated for this group. This ratio includes
some $286 million in dollar benefits accruing to the airlie passenger from a re-
duction in travel delays. The commuter airline user group is, likewise, shown in
table 1.4-2 as having an economic advantage resulting from the implementation of MLS;
a benefit/cost ratio of 2.4. This ratio includes some $9 million in dollar bene-
fits which accrues to the commuter airline passenger from a reduction in travel de-
lays. The study attempted to estimate but did not include any dollar amounts for
external network benefits, that is, the benefits which accrue to one aviation user
group as a result of actions taken by another group. For example, a superior on-
time performance by the commuter airline group using MLS, particularly in marginal
weather, will result in more passengers making their major airline connections.
This will increase the load factors for the major airline. The inclusion of such
network effects, however, would only enhance the economic advantage that already
favors the MLS for the Air Carrier aviation group.

It should be noted, however, that there is a wide disparity in the net bene-
fits available to the individual component members of the community of aviation
users. For example, the general aviation counnity of users is estimated to have a
net disbenefit resulting from the implementation of an MLS program. However, the
size of the disbenefit to the general aviation owners of single- and multi-engine
propeller aircraft is quite small; a 20 year total of $2 million in discounted
dollars for each category of propeller aircraft.

The study estimated that the number of aircraft in the multi-propeller fleet
(General Aviation User Group B) would total 14,000 by the year 2000 and that 35 per-
cent of these would be equipped with avionics for precision guidance. The cost to
this group to: (1) replace worn-out ILS avionics equipment, (2) invest in new ILS
equipment for those aircraft entering the fleet after 1980 (some 5,300 of the total
fleet size of 14,000 that elected to be equipped), and (3) operate and maintain the
ILS avionics equipment for a period of 20 years, was calculated as a total of $20
million in discounted dollars; see table S. In addition, $9 million would be re-
quired to convert existing ILS avionics equipment to narrower frequency separation.
The net disadvantage to this aviation user group resulting from their alternative
use of MLS is estimated as $2 million, as shown in table 1.4-2. This represents
some 7 percent in additional costs to the total bill of $29 million that would be
expended for ILS avionics.
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For the owners of single-propeller aircraft (General Aviation User Group A)
the fleet size was estimated to grow to 90,300 by the year 2000, with some 38,000
of this number being added after the year 1980, and 35 percent of this total being
equipped with precision guidance avionics. The bill to, (1) replace worn-out ILS
equipment, (2) equip new aircraft entering the fleet with ILS, and (3) maintain the
entire ILS-equipped fleet, is estimated as a total of $60 million. Additional avi-
onics costs of $56 million would need to be expended for ILS frequency conversion.
An MLS economic disadvantage of $2 million, thus, represents about 1-2 percent of
the total ILS avionics bill of $116 million that would be expended by this group of
aircraft owners (see tables 9, 10 and 11; Appendix H).

For the owners of corporate jet aircraft (General Aviation User Group C) the
assumption was made that all aircraft (100 percent) would be equipped with the same
level of sophistication in avionics as those installed on the commuter aircraft,
see table 1.3-1. Thus, the study recognized the special character of this group of
aviation user by the assessment of higher avionics costs, but on the benefits side,
no similar recognition was made of the increased value of time and convenience for
the special character of passenger and cargo transported in corporate jet aircraft.
All owners of general aviation aircraft were estimated to value a minute's worth of
aircraft delay by the amount of income they would earn in this minute. The esti-
mated national average (median) income of all airline passengers ($25,000 per year)
was assigned to all air travelers equally; airline passengers and owners of aircraft
alike. It is quite obvious, however, that owners of aircraft have assets and in-
comes in excess of the national average. For this reason, the study's estimate of
the value of time for the general aviation aircraft owner, and the dollar amount of
benefits due to reduced delays that were derived from this estimate, may be signifi-
cantly underestimated.

It does not take any major change in one of the study's assumptions to reverse
the economic verdict which favors the "ILS Continuation" option for the general avi-
ation user; a minor change will do. For example, the costs to maintain MLS avionics
were assumed to be higher than the costs for ILS avionics. The reason for this as-
sumption is that the purchase price for the MLS avionics was estimated to be higher
(see table 1.3-1), and an unverified "rule-of-thumb" indicates that operating and
maintenance costs can be estimated by some fixed proportion (typically, 20 percent)
of the equipment's original cost. Thus, based on the unit purchase of new equipment
price shown in table 1.3-1, the costs to maintain MLS avionics were estimated at a
36 percent premium for the owners of corporate jets, a 27 percent premium for the
owners of Multi-Engine Prop aircraft, and a 47 percent premium for the owners of
Single-Engine Prop aircraft. Since there is no logical or compelling technical
reason supporting the assumption the MLS avionics will be more costly to maintain
than ILS avionics, the study chose to examine the impact of eliminating the premium
in maintenance costs assessed to MLS.

The alternative assumption of an equality in MLS and ILS avionics maintenance
costs was examined in section 1.6, Volume I as part of the study's "Sensitivity An-
alysis."

The economic disadvantage to the owners of single-engine prop aircraft is re-
versed if the costs to maintain MLS avionics are estimated to be the same as for
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ILS; a negative verdict of $2 million is offset by an increase in net benefits to
a total of $12 million. The economic disadvantage to the owners of multi-engine
prop aircraft is eliminated, and the disadvantage to the owners of corporate jets is
reduced by $5 million (see table 1.6-1; compare line 4 to line 0).

Finally, another important reason for being optimistic about the acceptance of
the MLS alternative by the general aviation user community, despite the marginal
economic verdict rendered by the study, is the prospect for future growth in avia-
tion and an increased recognition of the need for precision guidance service. The
study concluded that this prospect for growth in the National requirement for preci-
sion guidance service beyond the network of 1250 ground systems that were forecast,
favors the implementation of the MLS. The reason for the increase in comparative
economic advantage favoring the MLS, is the technical limit in growth potential that
limits the ILS to the ability to satisfy a National requirement that is less than
1400 installations. As the consensus economic advantage for MLS is increased for
higher requirement levels, the MLS advantage to the general aviation user community
is increased at a greater rate. The potential for growth beyond forecast expendi-
tures, thus, favors the general aviation user's decision to be equipped with MLS.
But, most important, even for the forecast network of 1250 ground installations, the
study already reveals an economic advantage for the MLS in place of ILS at the small
community airport, type C and D, locations. These are the airport types which have
the highest proportion of runway ends that will be first-time qualifiers for preci-
sion guidance service. And, these are the airports which serve the general aviation
community.

1.5.2 FAA "User" Group

For the FAA user, the MLS program is estimated to provide savings in the FAA
costs for implementing and operating a network of ground installations over a 20-
year program planning period. These savings in discounted dollars are estimated as
$40 million for a national system of 1250 installations. There are no net savings
revealed for large and medium hub airports (types A and B) equipped with CAT I
equipment, since the major investment in ILS equipment has already been made at
these locations. The potential for significant reductions in costs to the FAA is
identified, however, for higher categories of service (CAT II and CAT III) and for
those airport locations (types C and D) at which major investment in precision guid-
ance equipment have not yet been made.

1.5.3 Implications for Implementation Strategy

The above conclusions based upon an economic analysis of the benefits and costs
attributable to a decision to implement an MLS program have a direct influence upon
the specific implementation strategy employed by the FAA to attain these net bene-
fits. It will be recalled that the best strategy (maximin net benefits) is to in-
stall installations in a descending order of need as revealed by the determination
of the benefit to cost ratio for each successive installation of MLS. As a result
of the economic analysis conducted by this study, the ratio was found to be unfavor-
able at those runways already equipped to CAT I service at large and medium hub air-
ports. The most favorable benefit to cost ratio exists at type D locations, those
airports currently without precision guidance service. There is, of course, no cost
burden resulting from redundant ILS and MLS ground equipment at these locations.
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In a similar manner, the economic analysis revealed that a greater net benefit ac-
crues to a strategy that implements higher categories of service levels (CAT II and
CAT III) first, and which implements CAT I service at major airports, last. In any
event, the economic analysis provided in this study is readily amenable to a more
probing analysis of alternative strategies for implementation.
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1.6 SENSITIVITY ANALYSIS

In this section, several key assumptions referred to in the previous portions
of this chapter on economic analysis have been varied in order to gauge the impact
of these variations on the study's conclusions. It is apparent that although there
are some changes in "signs" (a change from a disbenefit (-) to a benefit (+)) as a
result of a variation in some parametric assumptions made for the general aviation
users which exhibited a marginal disbenefit for the nominal case, there are no major
impacts or changes in the study's general conclusions resulting from the sensitivity
analyses described below. This leads to the important finding that the study is
not really dependent on economic parameters: discount rates, transition periods,
fleet forecasts, inclusion of the cost of borrowing capital, etc. They do not cri-
tically affect the calculations of net benefits and the study's finding that a deci-
sion to invest in air MLS implementation program can indeed be supported analytical-
ly.

The single most dominant assumption affecting the study's conclusions is the
technical or engineering justification for the determination that there is an ILS
frequency channel limitation problem for future ILS ground installations. Without
this technical justification, the economic analysis cannot be supported despite any
combination of changes in economic parameters. And, to repeat, the study shows
that, with the technical justification that ILS channel limitations problem exists,
no combination of changes in economic parameters is able to critically diminish the
decision to invest in a program to implement the MLS.

These findings can be verified by the presentation of the results of the sensi-
tivity analyses shown in Table 1.6-1. Ten changes in economic parameters are com-
pared to the nominal case shown in line 0. The resulting calculations of net bene-
fits in discounted dollars are shown for each parametric change, arranged by user
group. The designation of "B" and/or "C" in the column next to the description of
the change in economic parameter indicates whether the change affects Benefits (B)
or Costs (C).

It should be observed that the study's findings are not critically affected by
any of the changes listed. The consensus of air carrier, commuter and FAA user
groups continue to show net incremental benefits with MLS. This is true for the
air carrier group even when they are estimated as having to pay a 12 percent inter-
est cost on the capital needed to invest in new MLS avionics (line 7 of Table 1.6-1).
As expected, all user groups benefit from the assumption of a lower rate of growth
in the fleet sizes forecast for the future (lines 3 and 9). The negative benefits
of $2 million shown for the nominal case (line 0) for the general aviation category
of single propeller aircraft, for example, becomes a positive benefit of $15 million
(line 9) under an assumption of zero fleet growth.

1.6.1 Benefits Shared by the Airline Passenger

The benefits calculated in this study for all aviation user groups include an
estimate of the dollar value for the time lost by passengers enroute to their desti-
nation. There is no way to determine what portion of these benefits should be
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assigned to the air traveling public and what portion represents a benefit to the
airline that is being paid to transport the public. If one were to attempt to meas-
ure those benefits which go directly to the airline, the appropriate measure would
be the airlines' net profits. It might even be argued that, with the exception of
the cost of the aircraft, the estimates for benefits in improved safety do not ac-
crue to the airlines but only to the traveling public or others affected by an air-
craft accident. In fact, it can be argued that any business investment which re-
sponds to a demand derived from the customer results in an improvement for the cus-
tomer and not for the investor. But, the fortunes or utility of both the customer
and the business providing a service are, obviously, linked. There are alterna-
tives available to all customers. The air passenger prefers not to be delayed and
does, indeed, behave as if a loss in traveling time is related to his dollar in-
come. For trips of shorter duration alternatives to travel by air do exist and a
loss in passenger time may result in a loss in airline revenue for those passengers
choosing other alternatives. It is, therefore, unrealistic to assume that reduc-
tions in passenger air travel times do not directly benefit the airlines. However,
the portion of benefit assigned to the passenger and airline may be open to ques-
tion. This study could find no way to resolve the question other than to isolate
those benefits included in the study which involve an estimate of the dollar value
of the time lost due to increased air travel (delay). For this reason, an estimate
was made of the proportion of the total dollar value estimated to be due to a reduc-
tion in direct aircraft operating costs compared to the dollar value for the loss
in passenger time. It was calculated that 58 percent of the dollar benefits claimed
in all categories other than improved safety were due to a loss in passenger time
and 42 percent was due to a reduction in an aircraft's direct operation cost. The
net benefits shown in Table 1.4-2 are, therefore, shown in Table 1.6-2 for the com-
bined airline group, both air carriers and commuters, with the benefits attributed
to a reduction in delays assigned according to the proportions cited; 58 percent of
the dollar value for a reduced delay accrues to the passenger, 42 percent to the
airline.

Table 1.6-2.
Incremental Cost/Benefit Sunary

For Airline and Passenger User Groups
(In Millions of 1976 Dollars; Discounted at 0.10)

Incremental Incremental Net B/C
Benefit Cost Benefit Ratio

Air Carrier 264 68 195 4
Passengers 344 - - 344 - -

TOTAL

The results of allocating a portion of the benefits estimated for the reduction
in air traffic control delays between the airline and passenger user groups do not
affect the study's conclusions. Note that an incremental net benefit still accrues
to the airline user group even though
58 percent of the dollar benefits in reduced delays are transferred to the passen-
ger's accounts. It is important to note as well that the incremental benefits of
$340 millions shown for the airline passenger are obtained at a net savings in
governmental costs to the FAA of $40 million.
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CHAPTER 2

MLS TECHNICAL AND PERFORMANCE REQUIR ENTS

2.1 INTRODUTON

The technical and performance requirements for the national and international
implementation of MLS are evaluated in this chapter. Both quantitative and quali-
tative benefits resulting from this evaluation are discussed. The economic analysis
(Chapter 1) is based on the findings in this chapter.

The sections indicated below present the technical and performance require-
ments analysis of: (2.2) the performance of MLS relative to ILS at major airports;
(2.3) the limitations of ILS channel congestion on aviation growth and the poten-
tial effect of MLS; (2.4) potential reductions in FAA ground systems operating and
maintenance costs; (2.5) MLS capability for achieving increases in airport capacity
and productivity; (2.6) improved air carrier performance with MLS; (2.7) MIS per-
formance in comparison with ILS for general aviation, including commuter airlines
at small conmmnity airports; (2.8) advantages of MS for operations of future air-
craft; (2.9) need for MIS by the military services; (2.10) an estimate of the MIS
market abroad for U. S. manufacturers; and (2.11) opinions about MLS from various
aviation user groups.
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2.2 IPROVENENT IN MAJOR AIRPORT PERFORMANCE

2.2.1 Introduction

To analyze the requirement for MLS and quantify the application of its benefits,
a case study of five major air carrier airports was conducted by an FAA/contractor
study team. The objective was to indicate by example site specific benefits of MLS.
Previous case studiesl, to identify and quantify NLS benefits primarily focused on
two New York airports. Since many important MLS benefits were found to be unique
to specific runway sites, this analysis was extended to include three other major
air carrier airports. The airports studied were:

a. John F. Kennedy (JFK)

b. LaGuardia (LGA)

c. Washington, D. C. National (DCA)

d. San Francisco (SFO)

e. Seattle (SEA)

These airports were selected for analysis since they appeared to have a near-term
need for MLS as determined from a survey of airport operators (see 2.11.3 for survey
results). These airports were visited and MLS applications were identified in dis-
cussions with FAA region officials, the airport operator, and the local FAA mainte-
nance and operational personnel. As many major applications for MLS as possible were
identified at these case study airports and, where feasible, the benefits were
quantified.

Boston was the sixth airport initially chosen for a case study. Investigation
of this airport was discontinued when it was determined that, although MLS could be
beneficial at Boston, the major problems there are such that they cannot be resolved
by MLS. In modeling the operations and environment at these airports, the current
airspace structure was assumed except where a MLS requirement dictated a redesign
(e.g., curved approaches, altitude profiles). The current land use and population
distribution was also assumed. Future estimates of MLS benefits incorporated pro-
jected Upgraded Third Generation improvements in the air traffic control system and
forecast changes in the aircraft fleet and demand for analysis of airport capacity
and noise exposure benefits.

In the course of the case studies, several issues were raised concerning the
future obstacle clearance criteria and terminal instrument procedures (TERPS) with re-
spect to curved approaches. Since work currently being done to place future TERPS for
precision guided curved approaches and departure paths on an analytical basis is in-
complete, the general assumption was made that future TERPS requirements would not
limit use of the cited paths except possibly for one application at Washington
National Airport.

2.2.2 Site Specific MLS Applications

This section analyzes and presents examples of the benefits that could be de-
rived from the installation of MLS at the case study airports. The benefits that are
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addressed are efficient use of airspace and noise reduction due to precision curved
approach and departure guidance, reduced approach minimums, and reduced ground traffic
restrictions. Additional site specific NvLS applications are also identified but are
not quantified.

2.2.2.1 MLS Curved Approaches for Efficient Airspace Use. One cause of inefficient
airspace use is the I1$ requirement for aircraft to fly a long final approach on an
extended runway centerline. When airports are in close proximity, there is a possi-
bility of the ILS approach or departure missed approach routes intersecting, requir-
ing shared use of the airspace. Other manifestations of this problem are that air-
craft may have to fly circuitous routes to one of the airports, and one of the
airports may be denied the use of several of its runways during some operational
conditions.

MLS, with its capability to support curved approach paths, would not require the
long extended centerline finals. At the case study airports a mininum two-mile ex-
tended centerline segment at constant 30 descent prior to the threshold was imposed
on the analysis to allow aircraft stabilization before touchdown. At DCA a two-mile
straight in segment was not possible because of obstacles and a prohibited zone.
However, flight tests conducted at NASA, Langley Research Center indicated that
extended centerline distances as short as one mile on autopilot coupled approaches
are feasible and safe. It is assumed that the precision guidance provided by MLS
would permit the use of these approaches without additional final approach navigation
aids during IFR as well as VFR conditions. MLS will permit the curved approach to be
flown in the coupled mode, that is, the MLS will provide guidance data directly to
the autopilot with the pilot acting as a system monitor until the aircraft is near
the decision height, at which point the pilot would complete the landing. Regarding
pilot workload, a recent Boeing study2 has shown that by coupling the MLS guidance
to the autopilot a pilot can fly a curved approach with a workload that is less than
that of today's manual ILS approaches. The study shows that the pilot workload is
roughly the same for a coupled ILS approach and a coupled MLS curved approach.
Therefore, based on these findings and assumptions, AS curved approaches could allow
for segregation of traffic between conflicting airports. This benefit was measured
by analytically comparing the IFR runway capacity under ILS guidance with capacity
under NLS guidance where more feasible use of the runway could be made. From these
capacity estimates, the delays incurred were estimated. A projection of capacity
and delay was made to the year 2000, reflecting both current (1975) and future (1990)
fleet mixes and demand. The future estimates incorporate the capacity increasing
features of the Upgraded Third Generation ATC System. The results are given in
minutes of reduced annual delay, aircraft operating costs, and fuel (gallons)
savings for MIS compared to ILS environments.

The ILS approach paths (solid lines) in Figures 2.2-1 and 2.2-1A illustrate two
representative conflicting airspace problems between LaGuardia and Kennedy airports.
In IFR conditions, when JFK is landing aircraft on its 13L ILS, the approach path ex-
tends to the East River. The LGA airspace, being restricted to the east by JFK air-
space and to the west by Newark airspace, necessitates IFR arrivals from the south
to overfly LGA at 4000 feet before descending over the Bronx and Westchester County
and landing on 13. This low altitude LGA approach traffic prohibits the use of the
crossing runway 4 for departures. Thus, a loss of IFR airport capacity is incurred
by going from the typical two-runway operation (arrive 13, depart 4) to a single-
runway operation (arrive 13, depart 13). WS guidance (dotted lines) could support
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both the Hudson River approach to 13 at LGA (current visual approach) and the Canarsie
approach to JFK 13L/R under IFR conditions (Figure 2.2-1A). This would decouple
these approaches to allow LGA to use runway 4 for departures.

An airspace conflict problem also occurs between LGA and JFK when LA is land-
ing on 31 while JFK is landing on the 4's (see Figure 2.2-lA). The Belmont airspace
north of JFK is used as both the approach airspace to LGA runway 31 and the missed
approach airspace for JFK runway 4. An LS on LGA runway 31 with a shorter extended
centerline final would resolve this conflict and add flexibility to the operations.

Runway usage data (CATER data) from New York was analyzed as to the percentage
of time each runway configuration was used at LGA under both restricted VFR and IFR
conditions. This data included the constraints of the airspace conflicts. It was
then determined that each configuration is used a certain percentage of the time for
wind coverage and other factors. The rest of the time AS would allow the use of
runway configurations which would not constrain the runway capacity. The net result
was that the single runway usage at LGA (13 and 31) could be reduced by 50 percent.
This revised utilization of runway configurations with the current demand and fleet
mix implies an increase in the average annual saturation runway capacity of roughly
2.7 percent. In the future with MLS and full implementation of the Upgraded Third
Generation ATC System, an increase of roughly 1.5 percent in the average annual
capacity above the capacity with IlS could be expected. These increases in capacity
today could mean a reduction in aircraft delay at LCA of roughly as much as 100,000
minutes annually. Between 1985 and the year 2000, a total of $21.6 million dollars
in discounted aircraft operating costs and 33.4 million gallons of fuel can be saved.

The airspace conflict between JFK and LGA was the only place identified at the
case study airports that would lend itself to direct resolution by AS. Other air-
space conflicts such as those between Chicago O'Hare and Midway may benefit from MS
(the FAA short-haul study of Chicago Midway identified this benefit).

2.2.2.2 Curved Approach Guidance to Reduce Noise in IFR Weather. At each of the
five major air carrier airports that were studied, there was at least one VFR
approach that was designed to minimize the exposure of populated areas to aircraft
noise, and at two of the five airports a route length reduction was also afforded.
The current IFR approaches to these runways are defined by ILS requirements for 7
to 10 mi. extended runway centerline flight tracks or VOR radials which cause air-
craft to overfly noise sensitive areas.

The benefit to be derived from MLS is that the wide angle precision guidance
provided by MLS will allow curved approaches for continued use of some version of the
VFR approach in IFR conditions which is not currently possible. To quantify this
benefit, the nunber of people exposed to 85 dB(A) for both the MLS approach and the
current IFR approach are compared. A lower noise threshold, 75 dB(A), is also con-
sidered because complaints have been made from residences in airport communities ex-
posed to this aircraft noise level. However, measurement of this noise level is con-
sidered unreliable because in many locations ambient noise is around 75 dB(A). (No
attempt was made to quantify noise benefits in dollar terms because more rigorous
analysis - NEF - is required.)
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The results of the 23 airport DOT noise study3 were used in this analysis. This
fleet was assumed to conform to FAR 36 and the paths which the aircraft fly were as-
sumed to be those currently flown in VFR weather. The sae TERPS considerations for
curved approaches that were defined in previous section, apply here.

The visual approach to Seattle runway 16R is an example of a current visual
noise reduction approach that can be supported by MLS. The ILS approach to 16R has an
extended centerline of 11 to 17 ni. depending on the origin of the arriving flight.
This extended centerline places the aircraft over the city of Seattle. The current
visual approach calls for arrivals to fly over the middle of Elliott Bay until the
runway centerline is intercepted at a distance of about 7 nmi from threshold. A
constant 3 degree descent is made from an altitude of 3000 feet over Elliott Bay on
the visual approach.

In Figure 2.2-2 it can be seen that the 85 dB(A) contours are the same for both
the MLS and the ILS approaches. This is because the LS and ILS flight paths are co-
incident for the last few miles of flight where noise levels of this magnitude can be
perceived on the ground. However, from the 75 dB(A) contours of the NLS and ILS ap-
proaches to Seattle's runway 16R (Figure 2.2-3), it is apparent that the MLS and ILS
contours beyond 7 nmi. from threshold impact different sets of population. In fact,
approximately 6000 less people are exposed to at least 75 dB(A) noise using the MLS
(Bay Visual) approach.

The current VFR approach was modeled here and thus the possible additional noise
advantage of directing arrivals over the highly industrial area along the Duwamish
Waterway located between Boeing Field and Sea-Tac airports was not utilized. The
present VFR Sea-Tac and Boeing arrival procedures preclude use of this route. Mdi-
fying current airspace use to provide increased altitude separation between Boeing
and Sea-Tac traffic, if found to be acceptable on ATC basis, might permit increased
levels of noise reduction.

Figures 2.2-4 and 2.2-4A show the number of people exposed to 85 dB(A) and
75 dB(A) noise, respectively, at the five case study airports for both MLS and cur-
rent IFR approaches. In every case the MLS approach shows a reduction in the number
of people exposed.

The reduction in the number of people exposed at the five case study airports
ranges from 20% to 100% depending on the particular approach. A total of between
160,000 and 190,000 people could be relieved from exposure to at least 75 dB(A) noise
from landing aircraft during less than VFR conditions due to MLS provided curved ap-
proaches.

2.2.2.3 Departure Guidance to Reduce Noise in IFR Weather. At airports where
departure paths are defined by VOR radials for certain distances from takeoff there
may be benefits accrued by implementing an MLS to provide azimuthal guidance after
takeoff. This guidance could be used to define paths over less noise sensitive
areas and disperse the noise as in the case at San Francisco International (SFO)
airport.

San Francisco International's IFR departures from runways 28L/R must go "through
the Gap." The Gap is a ridge between two mountains and the flight path through it is
defined by a radial from SFO's VOR. The departing aircraft must remain on the radial
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Figure 2.2-2. Example of Use of MLS Curved Approach to Reduce Noise
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until over the Pacific Ocean before turning. In VFR conditions some departing air-
craft accept the "Shoreline" departure route. The Shoreline departures makes an im-
mediate turn to the north over the Bay after taking off and exposes fewer people to
noise than the Gap route. The 85 dB(A) and 75 dB(A) contours for both routes are
shown in Figures 2.2-5 and 2.2-6, respectively.

NLS with its precision guidance could support continued use of the Shoreline de-
partures in IFR weather depending on the obstacle clearance takeoff criteria. The
controlling obstacle is San Bruno Mountain.

It can be seen from the top of bars in Figure 2.2-7 that less people are exposed
by the Shoreline departures because much of the departure path is over the bay. It
should be noted that 33% fewer people are exposed per departure even though more
people are exposed to noise above 85 dB(A) for some period of time over the day's
operations.

There is also a possible departure capacity/delay benefit for being able to run
the Shoreline departures during IFR weather. The diverging curved departure path pro-
vided by KS my eliminate to some extent the current extended interdeparture times
required to prevent overtakes from occurring when only the single Gap departure route
must be used. The magnitude of this benefit would depend on the extent of radar
coverage (the radar is located in Oakland) and compatibility with local procedures.
This capacity benefit holds promise for improving the efficiency of departure opera-
tions at many of the major airports.

2.2.2.4 Reduced Approach Minimums with Precision Guidance Benefits. At some runways
the siting of an ILS is difficult and even where an ILS is sited the minimum may be
higher than Category I (200 ft x 1/2 mi). Although at most of the major airports at
least Category I minimums have been achieved on at least one runway, there are a num-
ber of runways where ILS cannot provide the desired minimums because of obstacles or
very difficult siting problems. MLS, with its minimal site requirements and wide
azimuthal coverage, is designed to solve some of these problems and provide the
desired lower minimuns.

The specific case investigated was Washington National (DCA). High miniums on
runway 18 cause a decrease in runway capacity under certain weather conditions with
the resulting increase in delays. To estimate this impact both current and future
fleet mixes and demands were assumed. Since there are obstacles involved in prevent-
ing the implementation of an ILS, there are issues involving TERPS criteria for the
proposed NLS approach. It is assumed that the proposed NLS approach will meet the
obstacle clearance criteria to the extent needed to provide some improvement in
minimms.

Arriving aircraft to Washington National's runway 18 cannot make a straight-in
approach because of the prohibited zone over the Mall, which contains the Washington
Mbnuent. Thus, a variety of approaches which generally follow the Potomac River
have been devised (as shown in Figure 2.2-8). If the conditions are above 3500 feet
ceiling and 3 mile visibility the River approach is used. Below 3500 ft x 3 mi and
above 1100 ft x 2 mi the LDA approach is utilized and between 1100 ft x 2 mi and
720 ft x 1 mi the VOR/DNE approach to 18 is employed. If the winds are out of the
south between S to 10 knots and the weather closes in to below 720 ft x 1 mi, the
arrival operations are switched to runway 36 which has an ILS. The departures,
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however, cannot tolerate such tail wind components on the relatively short (6870 ft.)
runway. Therefore, departures will request to depart runway 18 when the arrivals
are landing on runway 36. To handle this reverse flow situation, the controllers
will release the departures in batches while holding up the arrival stream and then
hold the departures while the arrivals land. Extensive delays are incurred during
this reduced capacity operation.

The NS may provide precision guidance for approaches to runway 18 in IFR
weather to minimns lower than that achieved with the current nonprecision approaches.
The capacity reduction and resultant delays associated with reverse flow could thus
be avoided to some extent. The minimums which could be achieved by the LS approach
would depend on future requirements of final approach extended centerline lengths
(approaches currently have a nominal 50,000 ft. extended centerline portion) and the
obstacle clearance surfaces for precision guided curved approaches.

The impact of the reverse flow on the current runway capacity at DCA can be seen
in Figure 2.2-9. The demand at DCA is fairly constant over the day. Under IFR con-
ditions with the current fleet at DCA, the single runway capacity is 54 operations
per hour. In a reverse flow situation, this capacity drops to 39 operations per hour.
This condition usually persists for about two hours. There are approximately 6 days
annually that 100% of the departures request runway 18 and about 15 days annually
that 50% of the departures request runway 18 when all large aircraft are arriving on
runway 36. To estimate the delay it was assumed that the reverse flow conditions
exist between 8 and 10 in the morning and the rest of the day is IFR. MIS today
could provide a reduction of as much as 65,000 minutes of annual delay. Between
1985 and the year 2000 a total of 2.2 million dollars in discounted aircraft operating
costs and 2.6 million gallons of fuel could be saved if basic Category I approaches
can be supported by MS to runway 18. If basic Category I cannot be supported by the
LS then the benefit due to MS will be proportional to the amount of time that the

weather conditions are below the VOR/DME minimums down to the mininiums achieved by
the LS approach.

It should be noted that the reduction in the future delay was estimated to be
less than the reduction in the current delay (see Economic Analysis Chapter). This
effect is due to the explicit policy at DCA to accommodate the future increase in
enplaneents by replacing two narrow body aircraft by one wide body aircraft result-
ing in a slight reduction in forecasted future operations.

2.2.2.5 Reduced Delays From Taxiway Restrictions. The I1S glide slope antenna is
usually located approximately 1000 feet from the threshold of the runway and about
400 feet from the runway centerline opposite the taxiway to minimize signal inter-
ference by taxiing aircraft. At some airports this location is not feasible because
of water or rough terrain that does not form the smooth ground plane required to
produce acceptable ILS guidance. At these airports, the glide slope antenna is lo-
cated on the taxiway side of the runway where an adequate flat surface usually exists.
Avoiding glide path signal interference when both arrivals and departures use the same
runway involves extra time for the departures to clear the ground plane area between
arrivals which reduces the runway capacity and increases the delays. The AS's mini-
mal dependence on the ground plane to shape its beam permits greater siting flexibil-
ity, and allows the elevation antenna to be located in the normal position away from
the taxiing departure traffic.

2-17



A- ..

LOJ

C ie

LO U..
I--

= LA J
x00

in

CL
LLU. LL. a.

IL WI w

- I LL.
I-~

4WJ U

03ceN
C) 00

u-A V) (Atnu.

I~ LA 4cC
--

Ic N V Z
IL V) X

0C)

:zz

@1J C) L 2!

L.c >0- I

(LJ

IN/SdO

2-18



The benefit due to MIS was quantified by two methods, depending on the airport.
At JFK the capacity increase and delay reductions due to the implementation of MS
rather than use of the current ILS is estimated. At Seattle-Tacoma Airport (Sea-Tac)
because of an absence of significant delays, only the cost to resolve the departure
flow restriction using ILS was estimated to illustrate that other such sites exist.

The first example is the JFK runway 4 L/R operation shown in Figure 2.2-10. The
glide slope antennas for both of these runways are on the taxiway side because Jamaica
Bay is on the other side of the runway. Because of environmental reasons the bay can-
not readily be filled to create an adequate ground plane.

The basic IFR procedure on these runways has the arrivals landing on 4R and the
departure taking off on 4L. Because of the nature of JFK's demand profile, there
will be times of the day when there will be a higher percentage of arrivals than de-
partures. If the 4's could be operated as independent IFR arrival runways, which ap-
pears to be feasible, then it would be desirable from a capacity point of view to put
the arrivals on both 4L and 4R during those periods of heavy arrival demand. However,
with the ILS glide slope antenna as currently located, full advantage of the capacity
potential of runway 4L cannot be realized, because the departures must be held behind
the glide slope antenna when arrivals are on their final approach. This extra 1000
feet of taxi time for the departure after the arrival touches down will delay the
succeeding arrivals as well as the departing aircraft itself. With the elevation
antenna (EL-l) of the LS located on the opposite side of the runway this departure
flow restriction would not be necessary and a higher runway capacity could be
achieved.

Figure 2.2-11 shows the current demand and IFR capacity situation at JFK on run-
way 4 L/R. The demand is characterized by a relatively low arrival demand in the
morning followed by a high arrival demand in the afternoon. In the evening the de-
mand is about balanced between arrivals and departures. If it is assumed that IFR
conditions persist for the entire day when using the 4's then the saturation runway
capacity is as shown in Figure 2.2-11. In the morning 4L is used for departures and
4R for arrivals. As the niunber of arrivals increases in the afternoon, 4L is also
used for arrivals. With the ILS glide slope antenna now impeding the traffic flow on
4L the total capacity will drop but the nunber of arrivals per hour that can be ac-
commodated will increase over the capacity in the morning. With MIS, it is estab-
lished that an additional nine arrivals and nine departures per hour could be handled
on 4L in IFR. To satisfy a balanced demand, arrivals are put on 4L only some of the
time and thus the difference in capacity is that of having ILS or having MS. As one
can see, toward the end of the afternoon the demand equals the capacity under ILS op-
eration. This will create significant delays. With KLS there is greater capacity
and thus less delays.

A summary of the situation on JFK runways 4 L/R is shown in Table 2.2-1. The
MS would provide capacity improvement for the high arrival demand in the afternoon
an the order of 30 percent for both current and future capacity and demand. In the
evening with balanced demand a 6 percent to 9 percent improvement is estimated.

Asstuning that when IFR operations on runways 4 L/R occur at JFK, the 4 L/R con-
figuration is used all day and the IFR condition persists all day, the capacity im-
provement due to LS could provide as much as a 140,000 minutes reduction in anual
delay.

2-19



JFK RUNWAY 4 L/R OPERATIONS

0 ASSUMPTION

INDEPENDENT SIMULTANEOUS IFR ARRIVALS TO 4 L/R

ILS
GLIDE
SLOPE MLS

- ELEVATION

4R-
DEPARTU RES

GLIDE MILS
SLOPE * ELEVATION

-- , LARRIVALS

JAMAICAARL
BAY

--- -- CRITICAL
ARRIVALS 0 AREAS

a

Figure 2.2-10. Example of Removal Ground Traffic Restrictions with MLS
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A total of 182 million dollars in discounted aircraft operating costs and 294 million
gallons could be saved between 1985 and 2000 (see Economic Analysis Chapter). It
should be noted that these delay estimates were calculated assuming the current delay
profile at JFK. Changing from 4 L/R operations to a higher capacity configuration or
a change to VFR operation at some point during a day would increase capacity and thus
reduce delays. Thus the given delay estimates are upper bounds.

Table 2.2-1. Reduced Ground Traffic Restriction Benefits Summary

IFR CAPACITY IWROVEMENT WITH MLS
PERIOD (JFK RUNWAYS 4L AND 4R)

M)1RING AFfERNOON EVENING

Current 0 30% 9%

Future 0 31% 6%

Another example of ground traffic restriction benefits is at Seattle, the glide
slope antenna on runway 34R is also on the taxiway side of the runway. Fully loaded
international departures will request this uphill runway for takeoff because it is
longer than the other runway parallel to it. Currently the demand at Seattle is not
great enough to cause significant delays due to these departures on 34R in IFR
weather. To estimate the benefit of MIS in this case one can consider the cost to
resolve the problem with ILS.

The glide slope antenna on Seattle's runway 34R was not located on the opposite
side of the runway from the taxiway because of a ravine. Two solutions were investi-
gated. One would be to displace the arrival threshold 1000 feet down the runway
where there would be enough of a ground plane to locate the ILS glide slope antenna
opposite the taxiway. This would require imbedded approach lights in the runway be-
cause one would want to continue to use the entire length for departing aircraft.
This solution would cost approximately $450K, mainly for the lights.

Another solution would be to partially fill the ravine opposite the current
glide slope location. This would require approximately $500K to fill to achieve a
minimum ground plane.

2.2.2.6 Identification of Additional Potential LS Applications. There were three
potential MLS applications that were identified during the case studies but were not
investigated in great detail. In all cases each of the approaches identified here
has previously been identified as benefitting from other MLS applications. The
additional NLS applications are as follows:

a. The approach end of runway 16R at Seattle has a precipitous drop off that
would decouple the radio altimeter at the critical moment of initiation
of flare in an autoland situation. A solution using IIS would be to dis-
place the runway threshold by 500 to 900 feet to allow initiation of flare
over a flat surface. NLS could provide vertical guidance for the flare
maneuver without displacing the threshold because its signal would be in-
dependent of the approach terrain.
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b. At San Francisco there is a hangar that causes multipath problems over the
rollout segment of runway 28R, their current Category IIIa runway. With
the currently installed localizer, this degradation of signal could pre-
clude the achievement of Category IIIb minimums. The LS's superior nulti-
path rejection would minimize multipath interference from the hangar and
facilitate attainment of the desired miniums.

c. The ILS has only 20 channels and at all airports visited all of the possible
frequencies were fully utilized. In some cases there is a doubling up of
frequencies such that the ILS's at each end of a runway are assigned the
same frequency. This is the case at JFK and LGA where two runway ends at
each airport share the same frequency. At Sea-Tac, the ILS's on the air-
port are close enough in frequency to cause interference. The net result
is that in these situations both ILS's cannot be activated simultaneously.
These conditions cause problems concerning maintenance and the availabil-
ity of the landing guidance equipment as discussed in the Relief of Channel
Limitations section (2.3). AS has 200 channels which will preclude doub-
ling up of frequency assignments in the foreseeable future (beyond 2000
A.D.).

2.2.3 LS Needs at Other Airports

A survey was taken in the fall of 1974 through the auspices of the Airport Oper-
atom Council International to ascertain the need of MLS at its member airports. A
significant 60± percent of the 125 airports questioned responded to the questionnaire
and a majority of those responding expressed an immediate need for LS for application
similar to those treated in the case studies, i.e., curved approaches and/or relief
from ILS siting restrictions. Almost all the respondents foresaw a possible future
need for AS (copies of the questionnaire response are available upon request to
FAA's Office of Systems Engineering Management, AEM-100). It should be noted that
the survey results should be viewed as the airport operators' perceived need for MLS.

Figure 2.2-12 breaks down the results of the survey by large and medium hub air-
ports. A substantial proportion of the airport operators preceive a need for MLS to
resolve current siting problems and to provide guidance for curved approaches.
Nearly all the respondents at least preceive of some future need for MLS applica-
tion. It is interesting to note that one-half of the large hub airport respondents
indicated that they currently use curved approaches in VFR conditions. The support
of these curved approaches in IFR conditions should be a source of MLS benefits.

2.2.4 Summary of Benefits at Five Major Airports

Efficient Airspace Use. The application of MS to support more efficient air-
space use has shown that the approach and missed approach airspace for certain run-
way configurations at JFK and LGA can be separated using AS curved approaches. The
decoupling of airports for these instances will increase the average runway capacity
at LGA by about 3 percent. With LS, the associated annual delay could be reduced
by as much as 100,000 minutes currently and as much as 150,000 minutes by 2000; result-
ing in a potential savings of $21.6 million and 33.4 million gallons of fuel between
1985 and 2000.
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Noise Reduction. In the area of IFR arrival noise exposure there are eight VFR
approaches at the five case study airports that are designed for noise reduction.
When modified to meet MLS requirements, these approaches expose from 16,000 to
192,000 less people to 75 dB(A) noise than the current IFR approaches to those run-
ways. At 85 dB(A) there is no discrimination between the current IFR approaches and
the MLS curved approaches except at JFK which showed a substantial noise benefit us-
ing an MLS approach to runways 13L and 13R where 13,000 and 23,000 less people are
exposed respectively. MLS can support five of the current VFR approaches in their
present form, one modified to have a 2 nmi. extended centerline final, another de-
pending on future obstacle/TERPS criteria and the eighth depending on extended
centerline and airspace modification considerations. Since there was no attempt to
optimize the approach paths for noise, MLS may support more noise effective ap-
proaches than the VFR noise approaches at some locations because the VFR approaches
generally rely on visual landmarks and may also be restricted to low altitude pro-
files that would not be required by MLS.

IFR departure noise can be reduced at St0 by providing MLS departure guidance
from runway 28L. With MLS the average number of people exposed per departure to at
least 85 dB(A) noise is reduced by 2,000 people while 14,000 less people are exposed
per departure to at least 75 dB(A) noise. For LS departure guidance to be most
effective in reducing noise, a noise insensitive area larger than that for arrivals
is required.

Reduced Approach Minimums. IFR approach miniums could be reduced at DCA using
MLS guidance. This would ameliorate a capacity restricting situation that occasion-
ally occurs under certain weather conditions. The extent of the capacity improvement
would depend on future IFR curved approach minimums associated with short extended
centerline finals and near-in obstacles and the occurrence of IFR conditions with
respect to the mininums. If Category T minimums could be supported, then annual
delays might be reduced by as much a, .)5,000 minutes currently. As much as $1.5
million and 2.6 million gallons of fuel could be saved between 1985 and 2000.

Reduced Delays From Restrictions. The problem caused by the ILS glide slope
antenna's critical area on the taxiway flow of departing aircraft can be resolved
by MLS at all sites investigated. This would lead to higher capacity and greater
operational flexibility. At JFK, assuming all day IFR conditions and no runway con-
figuration changes, 1LS on runways 4 L/R could reduce annual delays as much as
140,000 minutes currently and as much as 1.5 million minutes in 2000; a total sav-
ings of $182 million and 294 million gallons of fuel between 1895 and 2000. This
glide slope location problem may be resolved by ILS but only by using extra cost
measures such as extensive landfill or other site modification; which is currently
not feasible because of environmental constraints. At Seattle such a problem might
be resolved by moving the ILS glide slope antenna on 34R at a cost of 350,000
dollars to 500,000 dollars.

Other Benefits. Other potential problems involving Category III operations at
some locations should tend to be minimized with NLS. These include provision of
flare guidance at Seattle and rollout guidance at San Francisco for which the cur-
rently configured ILS installations will have difficulty. Additionally, an advan-
tage in maintenance operations and a greater availability of the landing system
could be provided by ?&S at three of the five case study airports (JFK, LGA, SEA)
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by the large number of available NLS channels. This capability would remve the
current constraint of not being able to activate .S's because of duplicate fre-
quency assignments due to a lack of sufficient ILS channels.

Based on the Airport Operator Council International's survey of MLS needs, it
can be concluded that nany large and medium size hubs preceive a need for NLS to
resolve the types of problem encountered at these case study airports. (See
paragraph 2.11.3 for survey results).
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2.3 RELIEF OF ILS CHANNEL LIMITATIONS

2.3.1 Introduction

ILS currently has twenty 100 kHz channels, with expansion to forty 50 kHz
channels possible by channel splitting through conversion of the airborne and
ground equipments. In order to protect close proximity ILS installations from co-
frequency interference and operational ambiguity, different frequencies are as-
signed. The FAA's analysis of future channel congestion indicates that even with
expansion to 40 channels, most locations may not be able to have an ILS after the
1400 ground system level is reached. Analysis and operational experience shows
that with 20 channels, this limitation may already have been reached at congested
hub airport locations.

2.3.2 ILS Channel Limitations

Currently, the principal aircraft navigation aid is VHF Omidirectional Range
(VOR). The ILS localizers share the 108.0 to 117.9 mHz frequency band with the
VORs. Both are spaced at 100 kHz (0.1 mHz) increments. In the part of the band
from 112.0 to 117.9 mHz, all the channels are allocated to VORs. In the part of
the band from 108.0 to 111.9 mHz, the even frequencies (108.0, 108.2, ...) are
allocated to VORs and the odd frequencies (108.1, 108.3, ...) are allocated to the
localizers. Thus, in this part of the band there are 20 localizer channels and
20 VOR channels. Each of the 20 localizer channels is paired with both a glide
slope channel and L-Band DNE interrogate - reply frequencies. For example, when
the LOC is set to channel 28X, 109.1 mHz, the glide slope receiver will be tuned
to 331.4 mHz, and the airborne DME will transmit interrogations to the ground EME
receiver on 1OS2 mHz.

To avoid system performance interference, it is necessary to geographically
separate co-channel and adjacent channel VOR and LOC facilities. Using propagation
curves developed by the Institute of Telecommunications Sciences, these facilities
are separated by a sufficient distance to insure that the proper desired to un-
desired signal ratios are maintained throughout the radiated service volumes (the
airspace in which the ILS signal is radiated and usable) of the facilities. It is
the geographic limits, typically 200 miles, that actually determine whether or not
a channel is available for assignment at any given location. Adjacent channel
separation constraints are less severe than co-channel separation because of the
receiver's frequency discrimination. However, discrimination at 50 kHz separation
may present an interference problem.

Channel congestion has severely limited the availability of new frequency
assignments, which has resulted in constraints to airport IFR capacity expansion.
For example, in the New York City, Chicago, and Los Angeles areas there are no
additional VOR-LOC channels available.

FAA has proposed channel splitting to increase the number of available locali-
zer channels. The channel splitting would place new localizer channels 50 kHz above
the now existing localizer channels which has the effect of cutting the 100 kHz separ-
ations between adjacent localizer, transmitters to 50 kHz. This is in accordance with
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ICAD standards and there is no problem with the pairing of the DtE and glideslope
channels. Howeiver, increasing the number of channels available for assignment to
new facilities in this way, introduces a number of problems. Before the additional
LOC channel capacity can be fully realized it will be necessary for the aircraft
owners to replace the older airborne VOR-LOC radio receivers that do not have 50 kHz
channel tuning capability. In many cases, equipment replacement will be required
whether or not the user cares to utilize the ILS. This is because the selectivity,
or the ability to reject adjacent channel signals, of many current VOR-LOC receivers
is not adequate to permit operation in a 50 kHz environment. Although the 50 kHz
channel splitting will obtensibly double the VOR-LOC channels, geographic separation
requirements for adjacent channels in highly congested areas will limit the available
facilities to appreciably less than double.

2.3.2.1 Present Status of ILS. As the ILS system has expanded, the problem of
frequency assignments has become more and more of a problem. At this time, with
less than 600 systems installed the situation is acute. Three methods have been 4
employed as "solutions" to the problem; these are: 1

a. Service volumes have been reduced and thus provide frequency
protection at shorter ranges and lower altitudes;

b. The same frequency has been assigned to more than one ILS at the same
airport and interlocked to insure nonsimltaneous operation; and

c. Assignment of some new freqncies have been denied; thus limiting,
expansion of IFR airport capacity.

As might be expected, the most severe frequency congestion occurs in California
and in the Northeastern part of the country (generally in the Golden Triangle Area)
with lesser problem areas in the Southeast and Central parts of the U.S. Figure
2. 3-1 indicates the primary areas affected as of 1971. Congestion has become worse
since then. However, this figure is still indicative of those areas where it is
difficult or impossible to install a new facility without frequency sharing and
advertising a reduced service volume. If the reasonable assumption is made that
future deployments will have essentially the same distribution as today's deployment,
a critical point has been reached in these areas of heavy congestion. A recent
inquiry was addressed to the regions regarding problems they experience, or expect to
experience, with channel congestion. Although most regions had no problem to report,
three regions reported the following:

Eastern Region - "No 100 kHz ILS channels are available in the vicinity of
Washington, iladelphia, and New York. Any new ILS's planned at major
airports in these areas must share the frequencies of the existing ILS's.
The use of 50 kHz channels will provide no immediate relief because the
majority of user aircraft are not equipped with 40 channel, 50 kHz nay
avionics."

Great Lakes Region - "Our current channelization problems are presented in
We congested areas such as the Chicago, Illinois to Milwaukee, Wisconsin
area. Thus far, we have been able to satisfy the ILS frequency needs for
existing and budgeted future locations. However, we expect that sometime
in the next three years, we will be unable to provide a frequency to meet
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a presently unknown requirement. To meet our present requirements, we have
had to assign the same frequency to some back-to-back ILS systems. This
arrangement hampers ILS electronic maintenance activities at the busy air-
ports. With the advent of low power and directional antenna ILS systems,
some relief may be obtained by a revision of the frequency protection
standards."

Western Region - "For all practical purposes, there are no 100 kHz
channels available in California, although frequencies are available
in Arizona and Nevada."

There are currently two basic methods used to cope with the channel
limitations of ILS. These are:

a. Reduced Service Volume - as frequency congestion has increased,
the Air Traffic Service decided that they could accept less and less
in the way of an operational service volume. The different ILS
service volumes are defined as follows:

Maximum

Range Altitude Courses

Original Standard +100 - 25 NM 6250' Front and Back

+350 - 17 MI

Option 1 ±100 - 18 NM 4500' Front and Back

+350 - 10 NM

Option 2 ±100 - 25 N 6250' Front

±35o - 17 NM

Option 3 ±10 - 18 NM 4500' Front

±350 - 10 NM

Option 3, the smallest of these service volumes, is the easiest assignment
to make. In the last few years, it has come to be considered the standard
service volume. The original standard service volume is still in use at
about 50% of the present installations, but such an assigment has
seldom been made in the last several years.

b. Back-to-Back Channel Assignment - assignment of the same frequency to
multiple ILS's at the same location has also become increasingly
prevalent. Since such facilities are interlocked so that only one
system at a time can radiate energy, this technique can be applied without
limit. The practical implications however are detrimental to the efficient
utilization, operation and maintenance of system so configured. For
example:
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a. With an interlock it is not possible to bring up an opposite runway
ILS for test before an arrival change is made, possibly slowing oper-
ations and causing delays.

b. Maintenance on the inactive ILS requires shutdown of the active
system. To the extent that such actions can be planned, ATC
problems may be avoided. In any event, the problem of facility
maintenance becomes more difficult.

c. In every instance flight inspection of one system requires shutdown
of all others channeled on the same frequency, necessitating off-hour
flight inspection or denial of service to users.

Back-to-back frequency sharing is currently being used for 22 runways at 18
airports (Table 2.3-1). Frequency sharing of one frequency by three ILS is being
used at three airports (Table 2.3-2). These three particular cases use the same

* frequency for both ends of a runway and for one end of a second runway. The loca-
tions where frequency sharing is employed are shown in Figure 2.3-1. Comparison
with Figure 1.2-3 shows that some of these 1976 locations are outside the 1971
frequency congested area. This is a strong indication that frequency congestion
has increased in the last five years.

2.3.3 Prospects for ILS Coping with an Expanded System

Table 2.3-3 provides estimates of the number of ILS systems which could be
deployed both with and without reductions in service volume and back-to-back frequen-
cy assignments. These estimates are based on a system distribution essentially the
same as that of today, and assumes frequency sharing of not more than two systems at
the same airport to limit the contraints to efficient operation and system mainte-
nance.

For a National requirement estimated to exceed 1200systems by 2000 A.D., it is
clear that there is no way to accommodate the required number of systems with 20
channels on 100 kHz spacing. Even with reduced service volume and the use of back-
to-back frequency sharing, the ILS growth will stagnate at a requirement level not
much beyond 800 systems. By utilizing 50 kHz spacing, reduced service volume and
back-to-back frequency sharing as well as selective locating, it may be possible-to
achieve a level of 1400 systems. The adverse economic impact of attempting the 50
kHz route is significant and will be felt by both FAA and the users. In addition,
both Frequency Management and Flight Standards now agree with the concern expressed
by RTCA's Special Committee 122 on the problems of airspace management of a split
channel environment. An effort to enforce, as a ticket of admission to such air-
space, a minimum adjacent 50 d-iz channel rejection characteristics considering the
variety of VHF navigation receivers in service would be a regulatory challenge of
unmanageable proportions.

The range of uncertainty (around 1400) in the total number of systems which can
be deployed with SO kHz channel spacing, reduced service volume, and the use of back-
to-back frequency assignments suggests that both operational difficulties and
significant costs may be anticipated from this solution to the channel congestion
problem.
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Table 2.3-1.
ILS Runways with Frequency Sharing, Back-To-Back

Chicago Midway IL 1

Chicago O'Hare IL 4

Balt-Wash International MD 1

Boston Logan MA 1

Detroit Metro MI 1

St. Louis Lambert MO 1

Albany County NY 1

JFK NY 1

LaGuardia NY 1

Rochester-Monroe Co. NY 1

Syracuse-Hancock NY 1

Cleveland Hopkins OH 1

Dayton Cox OH 1

Austin Mueller TX 1

Dallas Fort Worth TX 2

San Antonio International TX 1

Norfolk Regional VA 1

Milwaukee Mitchell WI 1

Table 2.3-2.
Airports with 3 ILS Sharing the Sam Frequency

JFK NY

Newark NJ

Philadelphia International PA

2-31



VIAI

IAIi
-U 4~A ii

2i -32



Table 2.3-3.
ILS Systems Possible with 100 KIZ Channeling

BACK-TO-BACK

SERVICE VOLUIvE FPEQUENCY SHARING ILS SYSTEM

25 IM/17 N - 6250' AGL YES 400-500

25 NM17 NM - 6250' AGL NO 300-400

18 N /10 nm - 4500' AGL YES 600-800

18 NM/10 NM - 4500' AGL NO 400-500

Table 2.3-4.
ILS Systems Possible with 50 KiZ Channeling

BACK-TO-BACK

SERVICE VOLM'E FREQUENCY SHARING ILS SYSTEM

25 NM/17 NM - 6250' AGL YES 800-1000

25 W,/17 NM - 6250' AGL NO 600-800

18 NM/10 N - 4500' AGL YES 1200-1400

18 NM/10 NM - 4500' AGL NO 800-1000

t

~2-33



......... .

In the Economic Analysis Chapter (1) an ILS/MLS implementation strategy was
assumed in order to install a National requirement for 1250 ground systems by the
year 2000. It has been estimated that perhaps the last one-fourth of these systems
will introduce a "domino effect" that will require two frequency changes to ILS
or VOR systems installed in the vicinity of each new system. Each frequency change
is estimated to cost $12.5K. The dollar cost of frequency changes for the last
317 ILS installed will be $7.9 million.

The impact on the aviation users to replace VOR-LOC navigation avionics made
obsolete by the introduction of 50 kHz channel assignments is more significant.
A negligible number of general aviation users are currently equipped with avionics
suitable for 50 kHz channel selection and it is estimated that approximately 50
percent of the air carrier fleet are so equipped.

It will cost the users approximately $180 to $190 million for 50 kHz conversion
depending on time of implementation. The FAA's sensitivity to the user economic
impact is such that not a single 50 kHz channel has yet been assigned. (The econo-
mic impact of 50 kHz conversion, ground system frequency changes, and 1400 system
implementation limit is presented in the Economic Analysis Chapter (1).)

2.3.4 The MLS Solution to Future Expansion Problems

The MLS has been allocated 200 channels in the microwave region (C-band) of the
frequency spectrum. These channels will more than satisfy all foreseeable future
assignment requirements and imposes no limits on system expansion. Frequency assign-
ments will be a far simpler matter which will not require coordinated changes at
other facilites. MLS will improve interference protection with the larger standard
service volume, significantly reduce operational constraints, increase operational
flexibility and decrease maintenance problems by permitting simultaneous operation
of multiple systems on the same airport.

2-34



2.4 FEDERAL COST REDUCTIONS

2.4.1 Introduction

Initial costs for ILS have been especially high at so=e locations due to glide
slope site preparation problems. Maintenance costs for ILS have been high partially
due to the tube-type nature of the majority of operational ILS; this problem is being
ameliorated by solid-state systems. Flight inspection costs have also been high
because of inherent problem in the stability of the ILS signals.

Although the procurement costs of MLS are more for some categories of systems
than for the corresponding ILS, the MLS does not need to utilize the ground as part
of an image antenna system. Thus, no special glide slope site preparation costs are
incurred for MIS. The most modem maintenance and repair techniques as well as high
reliability solid-state design are expected to minimize MLS maintenance costs.
Microwave operation also should reduce flight inspection costs for MLS because of
better signal stability and the ability to reliably monitor on the ground the quality
of the signal in space. More reliable ground monitoring is possible because MLS uses
direct antenna radiation rather than reflecting signals off the ground as does the
image antenna of the conventional ILS glide slope.

Each of these costs to the federal government procurement and installation
and operating and maintenance (including flight inspection) for both ILS and MLS--
are described and compared in this section.

2.4.2 Ground System Investment Costs

Initial procurement and installation costs for MLS are expected to be essentially
equal to the costs of providing comparable service with ILS. Table 2.4-1 summarizes
and compares a detailed breakdown of these costs for both ILS and MLS. The cost
estimates shown in this table assume that each system is comprised as follows:

ILS

Category I Localizer, glide slope, two marker beacons, monitor and
control equipment;

Category II Dual localizer, dual glide slopes, two dual marker beacons,
special monitoring ad control equipment;

Category III Dual localizers, dual glide slopes, three dual marker
beacons, special monitoring and control equipment.

WIS

Category I (Small Community MLS)
(SCMLS)

Narrow beam azimuth, narrow beam elevation, two marker
beacons, monitor and control equipment;

Category I Azimuth, elevation, two marker beacons, IME, monitor and
(Basic) control equipment;
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Category II Dual azimuth, dual elevation, two dual marker beacons,
(Basic) dual UNE, special monitor and control equipment;

Category III Dual azimuth, dual elevation, two dual marker beacons,
dual DLE, back azimuth, special monitor and control
equipment (flare capability will be optimal).

Table 2.4-1. IISALS Ground Investment and Installation Costs Conparison
$1976

CAT-I CAT-II CAT-III

ILS

Investment Costs $222,900 $417,000 $740,000

Site Preparation*

" Nominal 90,000 152,000 152,000

" Difficult 230,000 350,000 350,000

MLS

Investment Costs $310,410 (Basic) $495,400 $860,000

214,125 (SCMLS)

*Glide slope plane preparation.

The major initial investment cost saving to the government occurs when a Small
Commnity MIS (SC4S) is installed instead of an ILS. This system provides Category
I guidance, but is less expensive than ILS. It does not have a I)E transmitter and
provides for only a straight-in approach as does ILS. Yet, this version of MLS pro-
vides greater capability (± 10 ° proportional guidance) than the Category I ILS (±30).
Average savings in investment costs per system are $98,800 ($312,900 minus $214,100)
or about $100,000 for each of these system installed at a new site instead of in-
stalling a new Category I ILS. The actual savings, dependent on the number of these
systems installed, has been determined in the Economic Analysis Chapter (1).

2.4.2.1 ILS Extra Site Preparation Costs. The conventional ILS glide slope system
utilizes an image type antenna which requires extensive special grading to level the
ground in front of the antenna. The site preparation costs assumed for ILS glide
slope installations throughout this analysis are shown below. Nominal and difficult
site values for new ILS installations are:
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ILS SITE PREPARATION COSTS $ 19 76

Nominal Difficult

Category I $ 90,000 $230,000

Category II $152,000 $350,000

Category III $152,000 $350,000

For upgrading from Category I to Category II or III the average site preparation cost
is $62,000.

These site preparation costs are the result of a survey of actual costs at 57
Category I, 9 Category II, and one Category III installations. Seven of these were
not used in computing the averages, (see Appendix 0). This information was provided
by the FAA Regional Airway Facilities Divisions. A similar survey, made in 1970 from
ADAP funding information, also shows an average ILS glide slope site preparation cost
of approximately $100,000.

2.4.3 Operating and Maintenance Costs

The historically high operating and maintenance costs (includes logistics, min-
tenance staffing, operation and flight inspection) for the ILS results from two fac-
tors; both are inherent in the design. They are the obsolescence of electronic
equipment resulting from the rapid rate of advancement in the state-of-the-art of
electronic technology and the extreme sensitivity of the transmitted signals to
small changes in the environment surrounding the ILS.

Although new and replacement ILS has continued to take advantage of the latest
technology, many tube-type systems will still be in operation ten years from now.
If these systems are not replaced with MLS, they must be replaced with new advanced
design ILS of at least solid-state circuitry to avoid continued excessive operating
and maintenance (O&jD costs. This is one of the basic assumptions in the economic
analysis performed comparing ITS and MIS costs and benefits.

The problems of over sensitivity to environmental changes result primarily from
the VHR and UHF frequencies utilized by ILS. These difficulties can only be partially
alleviated even by complete system redesign including new antennas. These limitations
of ILS have been discussed in previous sections.

S
A comprehensive analysis was conducted of ILS and MLS maintenance costs. The

study results include a detailed analysis of past ILS operating and maintenance
costs, postulation and analysis of a mdem centralized maintenance concept for M1S,
and O&M cost comparisons of ILS and MLS.

2.4.3.1 ILS Maintenance Costs. ILS maintenance costs were based on the maintenance
staffing and cost sumnaries provided by FAA Airway Facilities Service.

These sumnaries include costs of labor, utilities, leasing expenses, stocks,
and stores. Since ILS 04M is heavily labor intensive, the analysis concentrated on
these dominant labor costs.
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The staffing required to meet the ILS O&M workload depends upon the type of
system (tube or solid-state), the equipment model, and whether the facility is single
or dual channel. There is also an increase in the workload for facilities using
special signal formats (capture effect or clearance signals) to overcome local
environment problems.

A breakdwn of the FAA allocation of manpower for ILS facilities shows the
average percentages as follows:

Direct Labor Expended

Duties Percent

Electronics Maintenance 39

Plans and structures 9

Administration 19

Leave (Holidays, Annual
and Sick) 12

Other 21

TOTAL 100

The classification "other" above includes miscellaneous work functions charged
to the facility other than maintenance for electronics, plants and structures. It
includes flight inspection, travel, watchstanding, facility inspections, modifica-
tions, informal sector training, material services, field maintenance projects,
special maintenance projects, station laborers, facilities and equipment projects,
SRDS projects, joint acceptance inspections, and access road problem. With addi-
tional allowance for training relief, the cost per staffing man-year is estimated to
be $22,000.6

2.4.3.2 ILS Flight Inspection Costs. 7 The ILS employs an image antenna system which
utilizes ground to help form the signal in space. Perturbations in the signal
caused by equipment instability or as a result of previous maintenance can occur and
not be detected by the ground monitors. Therefore, frequent flight inspection is
necessary to maintain and/or verify signal integrity. During FY 1975, approximately
21 percent of all ILS flight inspections involved the correction of maintenance dis-
crepancies with the largest offenders being faulty monitoring and improper adjustment
of signal modulation.

Periodic ILS flight inspections ensure that the system continues to meet the
standards required for safe operations. The FAA performs periodic flight inspections
at both civil and military airports. The ILS employs monitors located near the
localizer and glide slope transmitters to detect disturbances or deterioration of the
transmitted signals. If the signal in space exceeds the tolerance limits, the moni-
tors cause the operating transmitter to be shut down and signals the cognizant FAA
facility. For Category II and III the ILS monitor automatically causes the standby
transmitter to become operational.
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Experience has shown that the ILS does not always provide accurate information
to the user even though the electronic monitors did not detect an out of tolerance
condition in the radiated signal. The signal change may be due to site changes or
interference caused by man-made obstructions located beyond the monitor point.
Flight inspection is required since these changes are beyond the capability of the
electronic monitor to detect.

Initially, periodic flight inspections of ILS were made every 30 days. In 1956,
the interval between periodic flight inspections was extended to 60 days. In
1964, the FAA established a new procedure called System Perfonmance Analysis Rating
(SPAR) for civil ILS. ILS operational discrepancies detected during flight inspec-
tions were used to establish the SPAR. Periodic flight inspection of systems with a
high rating were extended to 120 days, facilities with mid-ratings were checked each
90 days, and facilities with low ratings were retained at the 60-day interval between
inspections. Newly commissioned facilities were also checked every 60 days for 1 year
to enable their SPAR to be established. The tabulated list below shows the per-
centage of localizers and glide slopes in each SPAR interval based on the FY-1974
SPAR:

ILS
Interval Localizers Glide Slopes
(Mths) (Percent) (Percent)

2 21 41

3 15 31

4 64 28

This tabulation shows that the SPAR extended the average flight inspection be-
yond the previous 30-day interval and thereby reduced flight time costs.

SPAR determination of flight inspection intervals was cancelled in January
1975. Since that time, the interval between periodic flight inspections of all ILS,
including the military, was extended to 4 months (three inspections annually).
New facilities are checked every 2 months for the first year. Subsequently, only
the parameters found out of tolerance and corrected are checked within 2 months
of discovery. If the parameter checked is found to be satisfactory, the complete
facility is placed back on the 4-month interval. During FY 1975, flight inspec-
tors reported 957 discrepancies in civil and military ILS. Faulty monitors and modu-
lation accounted for 80 percent of these discrepancies.

During FY 1975, flight inspection of ILS cost approximately $4.9 million. This
amount covers the cost of 11,787 flight hours at $415.71 per hour. Indirect and
interest costs are not included in this hourly rate. The tabulation below provides
a breakdown of these ILS flight inspection costs:
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Aircraft Percent Estimated Cost Estimated
Type of Hours Hours Per Hour Cost Thousands

DC-3 65 7,660 $340 $2604

Lear Jet 29 3,417 557 1903

Convair 6 707 496 351

11,784 $4858

The total number of ILS facilities increased by 58 during FY 1975 from 574 to
632, including FAA and military facilities. The total number of flight inspections
during this period was 5,267 including inspections of localizers and glide slopes.
These inspections revealed 957 discrepancies. Non-periodic flight inspections to
evaluate the results of the correction of these discrepancies were made 2 mnths
later.

According to the present scheduling criteria, the 58 new facilities required six
inspections the first year for a total of 696 glide slope and localizer periodic in-
spections. The initial 574 systems required three inspections during the year, ac-
counting for 3,444 inspections, making the total 4,140 for all periodic flight
inspections.

The difference between the total of all glide slope and localizer inspections,
5,267 and the total periodic inspections, 4,140 are the 1,127 non-periodic inspec-
tions required to correct discrepancies. These inspections, resulting from system
performance discrepancies, represent 21 percent of all flight inspections made and
cost approximately $1 million in FY 1975.

In June 1975, the FAA increased the cost estimate for flight inspection hours by
nearly 20 percent. Thus, flight inspection costs are currently abour $5.9 million
annually or $7,250 for periodic and $1924 for non-periodic inspections per facility
per year.

2.4.3.3 ILS Operatizn and Maintenance Costs. The following ILS O&M costs per ground
installations were developed based on the approximately $22,000 cost per staffing
man-year and the $7250 and $1924 annual flight inspection cost per facility and other
costs including logistics and operation:

CAT I CAT II CAT III

ILS O&M Cost Per System $27,000 $56,000 $65,000

2.4.4 MS Operating and Maintenance Costs

The higher signal integrity and system reliability anticipated with NLS in com-
parison to ILS is expected to significantly reduce the cost of O&M to the government.
Potential savings in flight inspection costs should result from reduced discrepancies
presently not detected by ILS ground nonitors and test equipment, and by a reduction
in the number of periodic checks required annually. MIS can provide savings in both
areas. The ability of MLS to detect out of tolerance conditions with its ground

2-40



monitor equipment and for maintenance corrections of such conditions without the need
for flight inspection verification flights, provides the potential for virtually elim-
inating non-periodic inspections sometime in the future. Likewise, the stability of
the MS system, its relative freedom from external influences, and its elimination of
the modulation functions all contribute to the potential for extending the interval
between periodic flight inspections. Extending this interval from 4 to 8 months for
MLS would reduce the cost of periodic inspections to approximately $3,600 per facilityr r year. With the elimination of non-periodic inspections, total savings of

5,524 per facility per year is possible with MLS 8 The MLS development program
has completed feasibility and prototype system development, and test results
are producing evidence confirming expected performance stability.

In addition to the savings due to improved reliability and signal integrity, a
centralized maintenance concept is feasible with MLS. This capability is possible
primarily because of digital design. The centralized maintenance concept employs an
area maintenance approach designed to exploit data processing and conmunications
technology by the use of a remote data logging and diagnostic system and equipment
design techniques that enhance maintainability through centralization of maintenance
staffs. The proposed system consists of leased telephone circuit network, terminal
equipment at sector maintenance offices, and a data retrieval and display unit at each
airport site. The system collects, at the transmitter site, sufficient significant
parameters to permit all line replaceable units to be continually scanned and the
data transmitted to a computer. The computer checks for out-of-specification condi-
tions, activates alarms when required, and processes trend information for future
diagnosis or preventative maintenance. By employing a remote data logging and diag-
nostic system to monitor system status and to isolate failures to the line replaceable
unit level, a much less labor intensive maintenance system is possible.

The projected annual O&M cost for MLS facilities in comparison to ILS are as
shown below for both the present and centralized maintenance concepts:

Annual Maintenance Cost Per Facility ($19 76 )

ILS AS MLS
Category Present Concept Central Concept Present Concept

I $27,000 $17,000 $24,000
12,000 (SCMLS) 18,000 (SOLS)

II 56,000 24,000 31,000

III 65,000 30,000 46,000

2.4.5 Inherent Limitations in Reducing ILS Maintenance Costs

It is estimated that over 32 percent of the reported ILS equipment unscheduled
outages are due to weather and unknown causes (see Table 2.4-2). With the exception
of solid-state circuitry, minimal further improvements in ILS unscheduled maintenance
costs can be expected through operating procedures or design changes. Even if a
comprehensive redesign were carried out for ILS, establishment and operation of a
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Table 2.4-2. Unscheduled Outage Summary

UNSCHEDULED CAUSES LOC GS GM_ NM IM

Equipment failure 41.6% 29.1% 33.9% 26.2% 49.7%

Line outage 0.5 0.4 8.8 5.3 9.8

Commercial power failure 8.8 4.5 24.7 12.0 .07

Standby generator 0.2 0.1 1.2 ....

Propagation conditions 2.0 0.03 ......

Weather effects 11.6 32.1 7.5 4.5 19.6

S o f t w a r e - - 0 .1 ... .. .

Self correcting, cause unknown 18.5 4.4 14.3 8.7 9.2

Other unscheduled 16.8 29.3 9.7 43.2 11.8

TOTAL 100.0% 100.0% 100.0% 100.0% 100.0%

centralized maintenance concept would be limited to the new system without consider-
able modification costs to existing systems. ILS equipments in current production
could be modified to incorporate some remote internal testing but unless the majority
of ILS were effectively remanufactured, the benefits of such a maintenance concept
would be restrictive.

2.4.6 Summary of Comparative Federal Costs

The costs to the FAA for ILS and MLS are summarized in Table 2.4-3. Total sav-
ings over a 20-year fLS implementation program are evaluated in the Economic Analysis
Chapter.
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Table 2.4-3. Unit ILS/MLS Ground Cost Comparisons
$1976

CAT-I CAT-II CAT-III

ILS GROUND INSTALLATION

Investment Costs* $222,900 $417,000 $740,000

Site preparation costs

" Nominal (avg.) $ 90,000 $152,000 $152,000
* Difficult 230,000 350,000 350,000

O M Costs (includes flt. insp.
costs)

* Solid State $ 27,000 $ 56,000 $ 65,000
e Tube ......

Flight Inspection Costs

9 Periodic $ 7,250 $ 7,250 $ 7,250
e Non-Periodic 1,924 1,924 1,924

MLS GROUND INSTALLATION

Investment Costs* $310,410 (Basic) $495,000 $860,000

$214,125 (SCMLS)

O&M Costs (includes fit. insp.
costs)

* Current Maintenance $ 24,000 (Basic) $ 31,000 $ 46,000
Concept 18,000 (SCMLS)

* Centralized Maintenance $ 17,000 (Basic) $ 24,000 $ 30,000
Concept 12,000 (SCMLS)

Flight Inspection Costs

e Periodic $ 3,600 $ 3,600 3,600
e Non-Periodic

*Installation costs (without site preparation) are included in investment costs.
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2.S MLS FOR THE UPG AED THIRD ATC SYSTEM

2.S.1 Introduction

During the 1960s, the FAA undertook the development and inplementation of a new
generation Air Traffic Control System, the Third Generation ATC System. The main
thrust of that effort was to use state-of-the-art data processing, display, and im-
proved radar surveillance (radar beacon) techniques to inprove the air traffic con-
troller's ability to safely and efficiently control greater nunbers of aircraft.
These inproved control techniques included better display of the air traffic situa-
tion with identity and altitude of appropriately equipped aircraft, and automated
assistance of flight plan data handling.

In the 1960s' delays encountered by scheduled airlines became so severe that
the DOT Air Traffic Advisory Comittee (ATCAC) concluded that air traffic was in a
crisis due to the failure of airports and air traffic control capacity to keep pace
with the growth of aviation activity. The 1969 ATCAC report concluded that the Third
Generation ATC System would not be adequate to meet the demand for ATC service beyond
the late 1970s.

To meet this increasing demand, ATCAC reconmended that the Third Generation ATC
System be upgraded. This reconnendation was approved by the Secretary of Transporta-
tion and in 1970 development began on the nine features of the 'pgraded Third Gener-
ation ATC System" (UG3RD).9 The basic features of the UG3RD include:

a. Discrete Address Beacon System (DABS) - intended to reduce surveillance
errors and provide a ground-air-ground data link with the capability to
address each aircraft individually.

b. Upgraded Automation -will aid the controller function through inproved
automated data processing, aircraft metering and spacing displays, and
control commlications.

c. Wake Vortex Avoidance System (WAS) - to provide the basis for reducing
aircraft separations through the detection and prediction of the presence
of hazardous wake vortices created by large heavy aircraft during low
speeds on final approach or departure.

d. Area Navigation (RNAV) - this is the only UG3RD program that does not
require the FAA to develop the equipment necessary for inplementation
of the concept. Area navigation permits the establishment of direct
routes, by FAA, between fixed points (e.g., terminal area to terminal
area) rather than having to fly along selected radials from VOR station
to VOR station or to involve controllers in providing radar vector in-
structions. In the terminal area, air derived RNAV capability can be
provided by VOR/1)E avionics, by MIS (especially in the approach/de-
parture control zones), and several other navigation techniques.

e. Microwave Landing System (MS) - A high accuracy air derived airport
approach/departure 2-D area navigation, precision landing system.
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f. Intermittent Positive Control (IPC) - pilot warning advisories and collision
avoidance commands will be generated on the ground and transmitted via data
link to equipped aircraft.

g. Airport Surface Traffic Control (ASTC) - an automated improved airport
surveillance surface traffic control system; compatible with DABS.

h. Flight Service Stations (FSS) - automation of Flight Service Station
services to achieve significant reductions in OIM costs per unit of service
rendered.

i. AEROSAT - a program aimed at exploring the use of satellites for improving
oceanic ATC comnunication and providing surveillance information to reduce
oceanic air separation standards and improve the management of oceanic air
traffic.

Implementation of these nine UG3RD features is intended to help meet the safety,
productivity and capacity needs of the National Aviation System through the year 2000.

The major ATC requirement for the future is to accommodate the anticipated
growth in aviation activity. This goal is incorporated into the program designed
to increase capacity and controller productivity. The greatest increase in capacity
will be as a result of the reduction in required aircraft separations afforded by the
Wake Vortex Avoidance System. However, additionally required increases in capacity,
and controller productivity will come as a result of Upgraded Automation in conjunc-
tion with mre accurate surveillance and navigation. Within the terminal area airport
approach/departure zone, NLS possesses the required accuracy and flexibility necessary
to meet the navigation requirements.

2.5.2 Improving ATC System Capacity and Controller Productivity

Two of the major goals of the UG3RD are to increase airspace/airport capacity
and controller productivity in the major terminal areas to meet the demands of the
1990s. The results of a recent UG3RD implementation cost/benefit study1 0 conducted
by the FAA estimated that the UG3RD can increase capacity 1356 percent at the nation's
top 30 airports between 1975 and the year 2000.

More importantly the total annual national delay in the year 2000 as a result of
this capacity increase will be reduced from 450.55 million minutes to as low as
139.21 million minutes (see Table 2.5-1).ll At an average direct operating cost of
$16.63 per minute, for the fleet mix assumed, as much as $5.2 billion per year (in
1976 dollars) can be saved by aviation users with UG3RD at these 30 airports in the
year 2000.

The thrust in increasing air traffic controller productivity is based on a desire
by FAA to hold down the cost of operating the National Airspace System. One of the
significant methods for reducing costs is to minimize the growth in controller staff-
ing while continuing to meet traffic demands. Without UG3RD, controller staffing at
the 30 terminal areas will increase from 1,718 in 1975 to 3,454 by 2000. In the year
2000, UG3RD can reduce the staffing requirements by 1,423, a savings of $37.5 million
per year (1976 dollars) in the year 2000.
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Table 2.5-1. Estimated Annual Aircraft Delay
(millions of minutes)

Year 1975 2000

Current Current UG3RD UG3RD
Terminal Capacity Capacity Configuration I Configuration 2 thru S

ATL 1.89 13.24 9.66 3.86
CLE 0.84 3.09 2.35 1.41
CVG 0.16 14.61 6.43 3.90
DAL 0.41 1.95 1.61 1.07
DFW 0.44 3.45 3.03 2.34

DTW 0.28 0.75 0.66 0.47
EWR 0.57 15.08 10.63 4.90
HM 1.63 1.12 1.01 0.81
IAH 0.16 3.59 2.96 1.75
IND 0.27 33.19 24.73 11.13

LAS 0.40 4.55 3.71 1.94
LAX 1.00 3.40 2.60 1.25
MCI 0.14 3.52 2.93 2.34
MEM 0.27 3.04 2.62 2.06
MIA 0.57 2.57 2.27 1.77

NSP 0.41 19.42 13.75 6.33
MSY 019 21.16 15.15 5.77
PHL 1.44 38.59 27.49 8.32
PHX 1.22 8.41 7.06 4.81
PIT 0.50 4.72 4.05 2.83

SEA 0.19 2.52 1.85 0.98
STL 1.67 62.95 46.05 16.38
TPA 0.13 5.95 4.95 3.25
BOS 0.79 10.48 8.05 3.85
DCA 1.56 1.56 1.35 1.02

DEN 2.18 7.19 5.68 2.29
JFK 2.33 80.44 57.04 14.91
LGA 2.14 10.05 7.16 3.89
ORD 5.89 1C.17 12.08 5.32
SFO 1.97 62.12 48.71 18.22

Airport
Totals 31.64 460.88 337.64 139.21

Source: Estimation of UG3RD Delay Reduction, Policy Analysis of the Upgraded
Third Generation Air Traffic Control System, Draft Report, June 1976.
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The features of the UG3RD that contribute most to attaining these capacity/
delay savings ($5.2 billion per year) and controller productivity savingsl 2 ($37.5
million per year) are:

a. Wake Vortex Avoidance System;

b. Discrete Address Beacon System;

c. Upgraded Automation; and

d. High accuracy area navigation in the approach control zone.

Recent analyses by the FAA's Office of Systems Engineering Management for this
study has reemphasized that the area navigation capability of MLS is required in the
1990s with UG3RD under anticipated operational conditions, including safety require-
ments with 2 mile separations in the approach zone of an airport.

2.5.3 Requirement for MIS

For reasons of safety, the FAA has required airborne navigation capability for
NAS users in IFR conditions. This requirement is based on the proven safety effect
of having airborne navigation capability that is independent from but supplements the
ground surveillance and control system. In this way, the pilot can independently
ensure that his aircraft does not deviate from his assigned route/vector whether he
is in an enroute or terminal area environment.

A secondary effect is that this airborne capability minimizes the number of con-
trol commands that the controller must provide. Thereby, improving controller
efficiency/productivity.

The future air traffic control system, i.e., UG3RD, will continue to require
airborne navigation. However, to meet the improvement expectations of the UG3RD,
this requirement must be expanded to include greater guidance accuracy and flexibility.
The need for greater navigation capability will be required to:

a. Meet the s requirements with reduced aircraft separations;

b. Supplement the complex future air traffic control functions to maximize
controller efficiency/productivity; and

c. Minimize community noise exposure.

2.5.3.1 Safety with Reduced Separations (Increased Capacity). In the future as air-
craft separation standards are reduced in the terminal area approach zone down to 2
miles and delivery accuracy is increased to 8 seconds for increased airspace/airport
capacity (from current 13 seconds), safety necessitates the availability of high ac-
curacy air derived RNAV type guidance. This capability is required to minimize the
collision risk by providing independent guidance in the event of a catastrophic sur-
veillance or communications ground system failure in IFR weather.
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F.9

As aircraft separation standards are reduced to 2 nmi the effect of automated
metering and spacing (M6S) will be to increase the number of aircraft in the approach
zone at any given (high demand) time. In comparison to today's manual M&S process,
automation with increased delivery accuracy will increase the rate at which aircraft
can land. This increased landing rate in conjunction with reduced separations can
increase the simultaneous airborne aircraft count by 25 percent above today's levels.
Certainly, if the ground surveillance or communication systems failed, a greater
collision risk will exist than in today's terminal environment.

What options are available in the event of ground system failure conditions to
enable aircraft in the approach zone to continue to navigate and land in IFR weather

= to lessen the airborne risk? The major options are: (1) continue with current pro-
cedures; (2) use improved procedures with VOR/DW RNAV; or (3) use improved proce-
dures with MLS RNAV. The current fail operational procedure is for each aircraft on
final approach to land and for other aircraft in the effected terminal airspace to
disperse (i.e., navigate) along standard routes using specified speed profiles to
holding fixes. However, over the time period immediately following a catastrophic
failure, the current ATC system has difficulty dealing with even today's traffic
levels.

A recent analysis of UG3RD safety performance under high demand (see Volume II),
points out that VOR/IM RNAV is not an adequate answer to the ATC failure problem.

This is due to the fact that even though VOR/DWE RNAV equipped aircraft are
capable of navigating a curved path to intercept the approach course, the accuracy of
this navigation capability is insufficient to assure that an overtake between suc-
cessive aircraft won't occur. With VOR/DM the analysis estimated that the 2 nmi
separation standard will be violated in 2.4 minutes after ATC failure. On the other
hand, with MLS RNAV the standard is not violated for 5.1 minutes. The safety signi-
ficance of this difference is twofold. First, for example with MIS at Chicago
O'Hare, North or South control zone, 7 more aircraft could land in the event of a
failure. This would leave 9 aircraft to disperse instead of 12. Therefore, MLS in
comparison to VOR/DE RNAV minimizes the collision risk by 40 percent for those dis-
persing aircraft. In addition, NLS would help ensure that aircraft dispersing to
holding fixes did not violate separation standards.

2.5.3.2 Controller Efficiency and Productivity. With future increases in ATC de-
mand, a degradation in safety could occur during times of controller stress because
of the number of aircraft in the approach airspace at any given time and the amount
of commands required to maintain an 8-second delivery accuracy vis-a-vis 13 seconds
today. Delivery errors are important since the runway utilization i.e., airport
capacity, that can be achieved by a metering and spacing system is inversely propor-
tional to delivery errors.

The UG3RD automated metering and spacing concept is designed to essentially
automate the existing manual M&S system. That is to say, all terminal area route
control will be as a result of controller voice communicated vectors or DABS data
link commands.13 At most airports, to control aircraft at 2 miles separations nd 8
second delivery accuracy will greatly increase the number of vector commands required.
This requirement may increase controller stress and effect safety and certainly ef-
fect productivity. Therefore, either capacity and/or controller productivity may
have to be limited or another way to supplement the controller communicated vectors
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will have to be found. To this end, some form of RNAV is necessary to off-load,
through self-delivery, the amount of comuunications required and maintain delivery
accuracy.

Either VOR/IIE or MLS RNAV can meet this self-delivery requirement. However,
VOR/I RNAV in the approach zone has the safety disadvantages discussed previously.
Therefore, the optimal solution to this problem is to use VOR/DM until the approach
zone is reached at which time MLS would be the primary navigation guidance.

2.5.3.3 Minimizing Noise Exposure. The growing environmental concern about airport
community aircraft noise may eventually dictate more drastic measures be taken to
reduce exposure than currently contemplated.

Efforts to reduce the amount of noise at the source (aircraft) may not be ade-
quate considering the forecast increase in aircraft operations - 12.3 million opera-
tions annually in 1990 at the 30 UG3RD airports; compared to 9.1 million operations
in 1975. In order to minimize the impact of this degree of noise exposure, it may be
necessary to not only direct approach/departure paths over less noise sensitive areas
but in addition require fixed flight paths.

With the fixed-path approach control concept, the ATC systems aids an aircraft
to achieve a scheduled landing time by issuing indicated airspeed conmands to the
pilot at prescribed locations along a fixed route in the terminal airspace. Since
radar vectors are not adequate for fixed path control, with RNAV self-delivery capa-
bility, only speed reduction commands are utilized, i.e., an aircraft is never slowed
down and then asked to increase speed.

The area exposed to aircraft noise is significantly reduced when aircraft fly
over a fixed-path in comparison to flying radar vectors. An analysisl 4 of the effects
of this procedure indicates that a sizeable decrease in noise exposure can be at-
tained. For example, if paths can be found along non-noise exposure above 65 db (a)
can be reduced by about 55 percent without a loss in airport capacity.

Analysis results from the study on the accuracy requirement for fixed-path ATC
indicates that the MS is the only navigation system that can provide the accuracy
required with fixed-path and the UG3RD ATC system. Therefore, MLS is necessary to
achieve the benefits of making optimal use of airspace and minimizing noise exposure,
while maintaining the 8 second delivery accuracy necessary for future capacity
increases.

2.5.4 Summry

The increased capacity and controller productivity of the UG3RD requires some
form of area navigation to safely achieve the projected performance improvements.
Although VOR/DME RNAV can meet the navigation self-delivery requirement for enhanced
controller productivity, MS RNAV accuracy is necessary for the safety requirements
of the future UG3RD ATC in the event of a ground surveillance or coumumications sys-
tem failure. In addition, growing envirnomental restrictions on terminal area path
deviations may lead to a requirement for fixed-path approaches to reduce community
aircraft noise exposure. To implement a find-path type of approach control, as well
as for safety and controller productivity the accuracy of MIS is required as an inte-
gral part of the UG3RD to achieve the projected ATC performance improvements.
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2.6 NIS BENEFITS TO AIR CARRIERS

2.6.1 Introduction

U. S. airlines can be divided into subgroups including major trunklines, small
trunklines, intra-state trunks, local service, comunters, and air taxi service. The
economic impact as well as the benefits of MLS cannot be generalized for all of
these groups. In the case of the smaller operators concentrating on service at out-
lying and developing airports, the possibility of new transportation services which
MLS guidance makes possible (and which are for one reason or another not realistic-
ally available with ILS) may place many of these operators in the fortuitous posi-
tion of forecasting a net positive financial impact early during an MLS transition
if implementation takes place. This class of airline is examined in the Small Com-
munity Airports Section (2.7).

Major Ui S. airlines should also be the beneficiaries of improved operations
due to MLS, but this will result more from improvement to existing operations than
from wholly new services. Both large and small airlines can benefit from many other
aspects of MLS; however, most of these are difficult to realistically quantify for
a variety of reasons. Some are technical or of a long-range economic nature and as
such they are not easily factored into each company's management and decision-making
process. Since each airline bears the financial burden of equipping its fleet with
the necessary avionic equipment, this decision-making process becomes a very inpor-
tant milestone in the MIS program.

This section will qualitatively sumarize most of those potential MLS benefits
to air carriers that were addressed in the Improvements in Major Airport Performance
section (2.2).

2.6.2 Air Carrier Benefits

Due to the wide range of assumptions which may be made about the future
economic environment of the air transportation industry and the resulting variation
of confidence with which MLS benefits may be viewed, it is useful to establish a
benefits "catalog" and to rank the identified items in their approximate order of
potential payback. Obviously, any such ranking is largely judgmental, and opinion can
be expected to vary from individual to individual and airline to airline. Notwith-
standing such variations, such a listing does provide a baseline for examination of
the issues as the airlines perceive them.

The cataloged benefits range from those with relatively firm, predictable, and
low risk near term payback to those offering long-range technological improvement
potential in advanced generation airframes. This total "catalog" of airline benefits
is summarized in Table 2.6-1 and each major benefit category is defined and dis-
cussed in the following paragraphs. It should be noted that there will be many
other indirect benefits which will come to the airlines through the airports they
serve; many of these were discussed in Section 2.2.

2.6.2.1 Lower Minimums. For the various reasons described previously, MIS may per-
mit lowere landing inimums at certain airport runways with ILS restrictions. In
addition to improving IF£ landing restrictions, MIS may possibly permit consideration
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Table 2.6-1. Summary of Airline Benefits Frm MIS

AIRLINE ECO IC PROVISIONAL
BENEFIT IDENTIFICATION BENEFITS REAL BENEFITS BENEFITS

Lower Landing Minim Cat I Decreased loss of Increased revenue
Cat 1.5 revenue and reduced loss _ _

Cat II from weather can-
Cat III cellation

Standardization No MLS Standard Safety and poten- -

could produce tial cost savings
disbenefit of
nultiple avionics
system.

Improved Technical *Indirect and Safety and poten- Potential for re
Performance Long Range $ tial cost reduc- duced delays,

Benefits tions increased capac-
ity, noise re-
duction

Decreased Avionic Reduced cost Cost reduction
Maintenance

Shorter Routing Reduced direct Potential for
operating costs decreased oper-

ating expense,
reduced energy
consumption and
improved passen-
ger relations.

Increased Cockpit Automation Decreased Wear Potential for
increased crew
confidence, re-
duced cockpit
workload, and
improved safety

of a new category of IFR operation tentatively identified here as CAT 1.5, 150 feet
decision height and 1600 height runway visual range. It should be noted that any
future decision by FAA to lower CAT I minizm= will have to be based on considerable
operational experience with MLS.

The evaluation of amual benefits provided to each specific carrier due to
lower minimms beyond reduced direct operating cost savings (delay savings) must be
developed frm company operating records at each airport served (see Appendix P for
sample analysis).
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2.6.2.2 Improved Technical Performance. A wide variety of technically superior
features will-be made available by MLS. Sore of these will enhance air safety,
others will provide the potential for new levels of service, and others may permit
the complexity and cost of the avionic landing guidance equipment to be reduced. In
all cases, the perceived technical benefits, although important to safety and future
growth, are not easily factored into near term financial consideration by the airlines.
The technical improvements which MLS offers may be categorized as discussed below.

a. New Services and Capabilities

1. Variable Glide Slope - This feature offers sone indirect benefit to
conventional aircraft as noted above in permitting slight adjustments
in the approach angle at certain problem runways to remove existing
obstacle restrictions and thus reduce the minimums. This benefit is to
some extent offset by the addition of a new approach variable, and pilot
acceptance may be a counter factor. In the long term future aircraft
will probably benefit significantly from such a capability as discussed
in Section 2.8.

2. Automated Missed Approach - The reduced demand for cockpit activity by
automating the missed approach procedures at the crucial time following
an aborted landing can also produce safety benefits.

b. Approach Tracking Quality

1. Clean Signals and Volumetric Coverage - The MLS because of its uniformly
clean signals and volumetric coverage will permit the automatic flight
control system to capture the desired approach path with greater uni-
formity and precision, reduce overswings particularly of the base-leg
course, and follow the desired path more closely under wind shear condi-
tions. This is expected to make a positive contribution to air safety.
Economic benefits to the airlines may be realized if the improved wind
shear performance of MLS permits some increase in the number of IFR an-
nual landings which otherwise had to be diverted due to special wind
shear restrictions.

c. Operational Flexibility

1. Volumetric coverage - MLS coverage permits a wider latitude for proper
design of large (wide bodied) aircraft guidance systems to maintain the
correct distance of the wheels from the glide slope at runway threshold
crossing. Also the auxiliary data supplied by MLS to the aircraft per-
mits a high degree of approach path uniformity to be maintained despite
wide variations in the siting between different ground equipment instal-
lations. Both of these benefits are of the greatest importance to
Category III equipped aircraft which currently constitutes a very small
percentage of the civil fleet. Routine future use of VFR autoland as
described below could increase the importance of this benefit if future
generations of aircraft are equipped for that capability.

2. Digital design - Important benefits are obtained from the digital design
of the TSRB MLS. The use of "time-gate tracking" logic in the avionics,
aids in minimizing the effects of vultipath reflections and further
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improves the integrity of the signals to the autopilots. Digital design
also facilitates the transmission to the aircraft of useful auxiliary
data such as: runway visual range, wind velocity, runway conditions
and operational status of the ground systems. This data link capability
can be used to provide transmission of much of the type of information
which presently must be issued and updated by the controller for each
landing takeoff operation. This feature can greatly reduce communica-
tions requirements, and therefore make voice communications frequencies
mere usable for separation and control purposes.

2.6.2.3 Decreased Maintenance. MLS avionics will provide two important contribu-
tions to decrease the cost of airline operations. First, simply because it is a
mere recently designed equipment, it will reflect all of the important reliability
advantages that today's solid-state technology manifests. It is characteristic that
newly designed avionic equipment for use with older systems yields substantial im-
provement in reliability, availability, and maintainability compared to older
equipment.

Secondly, the MLS is being developed to provide substantial systematic advan-
tages over older systems. These two factors combine to result in a substantially
lower frequency for which MLS avionics units must be removed from aircraft. Integral
self-monitoring and fault isolation improvements will indicate clearly when the MLS
units must be removed for maintenance. This is in sharp contrast to ILS equipment
which must frequently be removed to detenmine whether it is operating satisfactorily.
Frequently ILS equipment removals do not occur in response to a valid need for main-
tenance. MIS will eliminate such unverified avionic removals.

Finally, when MLS equipment does require maintenance, integral fault isolation
facilities will require less effort, and repair will be a relatively simple matter
requiring much less time than ILS, due to extensive plug-in modularity. These
maintainability improvements will provide inuediate and tangible economic benefit to
airlines by reducing the amount of maintenance labor required at an approximate
savings of $200 - $1000 per aircraft per year.

During the transition period, if airline aircraft are equipped with both ILS
and MLS, a crosscheck of the two systems under operating conditions (when both
signals are available from the ground) could reduce the rate of unverified ILS re-
mvals to produce a net maintenance benefit even when both system are being carried.

2.6.2.4 Shorter Arrival Routing. Those arrivals which are not aligned to the land-
ing direction and which must be routed beyond the outer marker to begin an ILS
approach must expend more fuel and lose appreciable time in order to conform to
limitations imposed by the fixed path ILS. With the curved path capability of MLS,
these same aircraft could acquire guidance once they are one to two miles beyond the
runway threshold (sufficiently to enter the coverage volume). Their approaches
would be initiated on a curved path which intercepts the runway centerline at less
distance from touchdown than present procedures. The resulting time and fuel cost
savings to the airline are quantifiable and can be very substantial. The time saved
will reduce labor and maintenance costs somewhat and will produce better on-time
performance thus improving passenger relations.
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If the asstumption is made that arrival aircraft equipped with MLS curved path
capability are handled by the control system in such a way as to minimize flight
time and are allowed to intercept the runway centerline approximately half way be-
tween the outer marker and the threshold, then an average travel distance savings per
approach (assuming arrivals uniformity distributed from all azimuths) can be made of
between three to six miles per arrival. This distance corresponds to approximately
1 to 2 minutes of flight time and is uniformly achievable under all weather con-
ditions. Assuming an average yearly operations rate of 2,500 movements per year per
aircraft, 1 5 estimating $15 per minutelt) direct operating expense, the annual savings
per aircraft could run as high as $75,000. Airlines tend to regard such potential
savings with skepticism since holding delays typically are mach longer and tend to
swamp improved routing benefits. It would appear that whatever holding delays may
result from other causes, savings in reduced flight time between clearance for
approach and touchdown are additive and consequently have some degree of reality.

2.6.2.5 Increased Cockpit Automation. Because of its intrinsically higher signal
quality, MLS will permit a greater degree of flight deck automation to be applied to
landing functions in the future thus reducing the demand for pilot attention in
this critical flight regime and increasing safety.

Routine VFR autoland will probably become the rule rather than the exception
with future generation aircraft. This would have the effect of increasing safety
and passenger comfort and of decreasing airline maintenance and operating costs.

Decreased aircraft maintenance costs could be produced by the reduced wear im-
posed on tires and brakes when landing errors are decreased. The greatest amount of
tire wear is produced by a small percentage of landings which produce assymetrical
runway contact at high angles of interception of the flight trajectory. By reducing
the distribution of landing errors, MLS will produce decreased tire wear.

Wheel brake wear is accelerated significantly whenever errors in landing
velocity and/or touchdown position are such as to require extensive wheel braking
to achieve the desired landing roll profile. Reduced landing errors permit maxi-
mnu use of thrust control and airfoil speed brakes to provide smoother and more
comfortable rollout patterns with wheel brakes reserved more for backup and turn
control.

Fatigue in airframe structural members (wind spars) is directly related to the
frequency and intensity of vertical acceleration stresses applied during hard land-
ings. Routine autoland will reduce both the frequency and the amplitude of these
stresses and thus extend the life of the airframe and reduce major airframe repair
costs.

2.6.3 Summary

One of the most important sets of contributions to airlines are those provisions
that MLS makes for air traffic growth, terminal capacity increases, and flexibility
for the introduction of future aircraft and operational techniques. Important as
these benefits are to the future of the air transportation industry, they are not
easily factored into individual airline management processes. Any attempt at their
economic quantification must depend upon elaborate and industry wide assumptions and

2-54



simplifications the results of which are not likely to have any real relationship or
traceability to individual plans by airlines for implementation of MLS.

Fortunately, there are additional MLS benefits which do produce measurable and
significant economic benefits to the airlines. Realistically it must be anticipated
that good business and financial management practice will ephasize these more manage-
able matters many of which were quantified in the Major Airport Iprovements Section
(2.2). Although it is expected that there will be other future economic contributions
of MLS (such as reduced cost of future flight control systems, reduced tire and
brake wear, etc.) these cannot be realistically quantified until sufficient experi-
ence and data are obtained to support economic projections.
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2.7 MLS BENEFITS TO SMALL COM lUNITY AIRPORT USERS

2.7.1 Introduction and Summary

2.7.1.1 Introduction. Today the small community airports used by general aviation
have fewer ILS, more accidents and less funds than the airports used predominately
by the major airlines. Small airports have not been able to apply the same level of
financial resources to meet ILS siting requirements as have the larger airports. As
a result, a number of airports have installed full ILS or partial systems (localizer
or glide slope) with performance compromised due to non-standard locations. A
compromised installation results in restrictions against the system's use in low
visibility weather conditions; that is, basic Category I operations down to a ceiling
of 200 feet and visibility of one-half mile is not achieved. This results in
diversion of air traffic to other airports or cancellations of flights. A number of
other airports have not installed ILS at all because of prohibitative site prepara-
tion costs. The absence of vertical guidance has historically resulted in a degra-
dation of the level of safety associated with landing operations at small community
airports. Some of the technical, historical and economic reasons behind these
problems are described in this section of the report, which discusses MLS benefits
for small community airport users.

2.7.1.2 Summary of Small Comunity Airport User Benefits

GENERAL AVIATION. The small community version of MLS (SCvILS) provides a means for
this group of users to potentially benefit from the availability of precison
landing systems at airports where costs and other problems of ILS would, at the
least, cause further delays to installations. (Section 2.7.2.)

ALLEGHENY COMMvTER SYSTEM ANALYSIS. The case study of the Allegheny Commuter
System shows that their complete cost of MLS avionics could be amortized in less
than five years by the savings in weather diversions provided by MLS at the
airports served with only Category I capability under present FAA Terminal
Instrument Procedures (TERPS).

Mich greater benefits are expected to result from greater schedule reliability
resulting in increased business travel on commuter airlines with MLS under new TERPS
at a majority of these small community airports. (Section 2.7.3.)

ALASKAN CASE STUDY. Potential LS benefits to communities served by airlines in
Alaska are described. Improvements in landing probability provided by MLS are
possible at 35 of the 40 airports studied. These airports are ranked in terms
of total MLS benefits including qualitative assessments of safety and noise
reduction benefits (see Appendix Q).

CICAGO AREA STUDY. The analysis of airports in the Chicago area illustrates
the critical constraint of ILS channel limitations on general aviation airports
near a large metropolitan complex (see Appendix Q).
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2.7.2 MIS for General Aviation

2.7.2.1 Introduction. General Aviation as treated in this section includes commuter
airlines, air taxi operators, executive and other business-oriented users, and
non-business users. The principal benefits to these users derive from the avail-
ability of precision approach and landing service at small community airports which
otherwise could not economically be served because of system installation cost or
due to the problems of siting and channelization. MLS has the potential for more
widespread implementation because of the lower installation costs, simpler siting
requirements, and more than adequate channel availability. Benefits include
increased safety and improved user operating costs due to fewer IFR caused diversions.
These are the only benefits discussed in this section that are included in the
Economic Analysis Chapter (1).

The general aviation segnent of the user community is the largest and fastest
growing user group with about 160,000 aircraft; of which about 50,000 are currently
equipped with ILS. By 2000 A.D., it is estimated that approximately 100,000 general
aviation users will have their aircraft equipped with precision approach and landing
avionics (either ILS or MLS). Two of the largest general aviation organizations
(AOPA and NBAA) have been quite vocal about the need for precision approach and
landing service at airports used by their constituents and have fequently claimed
that FAA criteria for establishing ILS facilities discriminates in favor of the
airlines. Examination of the current status of Airways Planning Standards (APS-I)
which is based on the number of annual instrument approaches or sustained turbojet
operations reveals this claim to be somewhat substantiated.

2.7.2.2 Reduction in Landing Accidents. A study was conducted to determine the
potential MIS contribution to reduction in landing accidents. Based on the 1964-
1972 National Transportation Safety Board landing accident history, precision-
landing-equipped airports have had far fewer instrument weather landing accidents
per million instrument approaches than non-precision-air equipped airports. This
result holds even though the minimums are higher and visibility better for non-
precision aid at the time of the accident. This result implies that the wider
deployment of precision guidance can result in a net reduction in instrument
weather landing accidents. It should be noted that only instrument weather ac-
cidents in which some electronic navigation aid (precision or non-precision) was
in use are considered in the anlysis. However, subsequent analysis by NTSD indicated
that the use of precision landing aids in VFR weather is safer than without. The
accidents involving pilot error, pilot disabled, or aircraft malfunction are not
considered.

Principle findings of this safety study are:

a. The presence of a precision landing aid at an airport reduced the
probability of a landing accident by a factor of 2.5 for general aviation
and a factor of 8 for air carriers.

b. The more widespread application of precision approach capability made
possible by MS will bring this benefit to more small airports, thus in-
:ru*s mg safety at a ratio of accident rate at non-equipped and equipped
airports of at least 20 to 1.
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Quantitative analysis of safety benefits in terms of dollars are determined
and presented in the Economic Analysis Chapter (1).

2.7.2.3 Reduction in Flight Disruptions. General aviation flight diversion, delays,
and cancellations (flight disruptions) in IFR weather are quite frequently the result
of precision approach systems not being available at small community airports.
These disruptions increase aircraft operating costs. In the case of commuter and air
taxi operators, these additional costs can mean the difference between profit and loss.
Aspects of the impact of disruption loses to these commercial carriers are analyzed
in the following section on MLS Benefits to Commuter Operations (2.7.3). All IFR
general aviation users incur this type of increased operating cost, at one time or
another, due to the non-availability of precision landing systems. If you consider
passenger inconvenience in addition to operating costs, the average flight disruption
costs the general aviation user $90. The reasons for an ILS not being installed at
a smaller community airport is primarily because:

a. The airport does not qualify under the current Airport Planning Standard
(APS-I) for an F&E installation; and/or

b. ILS cannot be economically installed and sited.

The merits of MLS performance at difficult sites have been adequately covered in
previous sections. On the other hand, MLS alternatives for non-qualifiers under
APS-l warrant further discussion. There are several significant possibilities for
increasing the availability of precision approach systems to small community airports.
Two of these alternatives are:

a. The reduced cost of the Small Community MLS in comparison to ILS, makes it

feasible to install more SCMLS than ILS for the same cost; or

b. Install the Interim Standard MLS (ISMLS).

The reminder of this section is devoted to a discussion of alternatives ways
to increase the number of precision approach systems to improve safety and
decrease flight disruptions.

2.7.2.4 ISMLS. The Interim Standard Microwave Landing System was approved for
limited use at small Community Airports where installation of the current VHF/UHF ILS
is not practicable. On August 20, 1974, the FAA selected the system developed by
Tull Aviation Corporation, Armonk, New York, as the Interim Standard Microwave Land-
ing System (ISM4LS). In selecting this system it was stated that:

"the FAA intends the ISMLS for limited application and use at locations where
a VHF/UHF ILS will not perform in an effective manner, or where the needs for
low-approach service would be better met by the use of the Interim Standard
System" and "that limited application of the ISMLS will not detract from the
National MLS Program." 1 7

Subsequent actions included the preparation and issuance of revised Federal Air Regu-
lations (FAR, Part 171) which specified the approved signal format and technical re-
quirements which must be met for the ISMLS to be installed and used in public service
as a non-federal aid. Additionally, the Airway Planning Standard (APS-l) for terminal
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navigation facilities was revised to include the establishment criteria for ISMLS.
APS-l re-emphasizes the criteria stated in the Notice of System Selection; namely
that:

a. installation of ILS must be technically infeasible;

b. the airport is remotely located and a cost/benefit study shows ISMLS to be
more cost-effective; and

c. establish of ISMLS will be discontinued upon availability of standard MLS.

FAA policy relative to ISMLS and its intended role vis-a- vis ILS and MLS was recently
restated by the Administrator in a letter dated April 6, 1976, Subject: Agency-
Wide Policy Relating to the Microwave Landing System Program. This letter makes it
clear that, pending the availability of MLS, the ILS is the preferred system. ISKLS
deployment will be limited to those locations where a VHF/UHF ILS will not perform
effectively or where the user's needs would be better met by the use of an ISMLS.

2.7.2.5 The Small Conunity MLS and APS-I. The needs of the general aviation seg-
ment of the user comunity were recognized early in the MLS program, resulting in the
development of Small Community MLS (SO4LS) systems. The SCMLS more than meets all
the requirements of general aviation users who are concerned principally with
Category I straight-in approaches. The SCMLS exceeds performance of the ILS, is
fully compatible with more sophisticated versions of MLS, will provide for civil/
military interoperability and meets the ICAO Operational Requirements. S(CMLS
prototype hardware, both ground and avionics, has been built and is currently under-
going test and evaluation at NAFEC.

Based on the current Airway Planning Standard (APS-I) and projected aviation
traffic growth, an estimated 1250 precision approach and landing systems will be
deployed by 2000 A.D. The emphasis on turbojet operations and annual instrument
approaches weights the distribution in favor of the air carriers who operate the
largest aircraft and generate high instrument activity levels. Conversely, the
planning standard is generally antithetical to the general aviation users, especially
at the smaller airports.

APS-l attempts to establish criteria based on economic factors including the
cost of implementing and sustaining a system. Hence, an argument can be made for
more service if systems can be deployed which are less expensive to install
and maintain. The small
community MLS (SCMLS) ground system manufactured and installed to FAA specifications
is estimated to cost $214,000 complete. ILS costs installed have typically been
running an average of $312,000 or about 50 percent higher. Therefore, to the extent
that SCMLS systems are deployed in lieu of ILS, a 50 percent increased deployment is
possible at the same overall cost to FAA. An estimate of the potential increase in
the number of facilities is shown below.
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An estimate of the increase in precision guidance service, represented
by the additional number of SOILS installations that would qualify under the
existing ILS Installation Criteris APS-1, can be obtained by noting that 600
newly qualified ILS installations are forecast to be made at small community
airports by the year 2000. An additional 300 systems, to a total of 900 would
,therefore,qualify for SOILS installations for the same FAA investment cost.
When the effects of life-cycle costs are imputed into the dollar calculations
required by APS-l, the Operating and Maintenance costs advantage for the SOILS
($18,000 annually vs. $27,000 for the ILS; ref. table 1.3-20) would result in
additional small airport locations qualifying for SOILS service.

2.7.2.6 General Aviation Sunnry. Present planning standards based on instrument
approach counts tend to favor the larger air carrier airports. Recognition of the
problems of general aviation and small communities in particular led to the develop-
ment of the Small Community MLS (SOILS). The prolonged lack of an available,
satisfactory precision landing system at a sufficiently low cost, has resulted in
considerable interest on the part of general aviation in the Interim Standard MLS
(I SNS).

2.7.3 MLS Benefits to Commuter Operations

2.7.3.1 Introduction. The Commuter Airline or "Third Level Carrier" is considered
to be the fastest growing segment of the civil aviation industry. This growth is
based primarily on their providing scheduled service to communities where such ser-
vice has not existed before and replacing service dropped by local service (Second
Level) airlines for economic reasons. Operating without subsidy, the comnmuters are
extra sensitive to interruptions in service caused by poor visibility. Present FAA
Planning Standards for precision approach facilities frequently will not justify
installation at these small community airports because of insufficient instrument
approach activity and particularly where ILS siting problems would require expensive
site preparation to obtain satisfactory guidance signals. Since a transition to
MLS would virtually eliminate costs associated with site preparation, it is expected
that the overall cost of providing precision approach guidance can be reduced. It
is reasonable to assume that FAA Planning Standards may be revised to reflect this
reduction in cost. In addition, the 1976 ADAP law places greater emphasis on support
for comnnuter airline operations.

Although data were sought to permit analysis of several U.S. conuter airlines,
only those carriers belonging to the Allegheny Commuter System were able to provide
the kind of data necessary for this analysis.

The Allegheny Conmuter system consists of 12 separate commuter carriers operating
under the aegis of Allegheny Comnuter System and subscribing to its standards of
service. Each carrier is independently owned and depends on its efficiency of
operation for economic survival.

During 1975 a total of S3 aircraft provided scheduled service to 56 airports.
Included in this number are 22 outlying or small community airports which, for
various reasons operate at weather minimum higher than Category I. At many of these
lower activity airports the commuter service is the only scheduled air service
available. Of the 22 airports operating at above Category I minimums only nine are
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now equipped with ILS (see Table 2.7-1). At five of these ILS equipped airport
terrain or obstructions violate TERPS Criteria and prevent the achievement of
Category I minimums. Dubois, Pennsylvania and Wilkes-Barre have higher than Category
I mininums because of offset localizers. Wilkes-Barre also has an ILS glide slope
unusable below 210 feet.

Of the remaining non-ILS equipped airports, two meet FAA Planning Standards
and are funded for ILS installations. Four additional locations qualify under FAA
Planning Standards but funding has not yet been provided. The remaining seven air-
ports do not meet present planning standards for ILS and therefore cannot expect to
receive ILS installations in the near future.

This limited availability of precision guidance in Allegheny Commuter area is
representative of commuter carriers throughout the country and the need for a larger
number of precision guidance systems to meet the needs of this third level scheduled
service is immediately apparent. In some cases, the economics of commuter operation
may justify the installation of a non-government owned facility, although the ex-
cessive site preparation costs required for many of the outlying airports would rule
out conventional ILS as too costly. The analysis in this section shows how the
economics of a commuter airline can be affected by introduction of precision approach
capability at those airports that are not currently equipped.

2.7.3.2 Determination of Losses. The method used in computing incremental benefits
of MLS with respect to ILS is based on losses from diversions routinely compiled by
Allegheny Commuter from information supplied by the number operators. This
information does not include the cost of cancellations and over-flights at
individual stations, and it was necessary,therefore, to use some approximations
and averaging techniques.

Knowledge of the specific reasons for above Category I operation at each
station allowed judgement to be applied to a determination of whether introduction
of an ILS would improve operations and reduce losses and whether MLS would result
in further improvements.

Yearly averaging of results gives an incomplete picture of the effects of
seasonal variations on airline economics. Therefore, in addition to the year's
average, the losses incurred during the worst month and again during the first
quarter's operation are also shown (figures 2.7-1, 2.7-2, and 2.7-3). The first
quarter is traditionally a loss period for many airlines. These periods of high
cancellation have an important secondary economic effect in that reliability becomes
so poor that customers turn to other modes of transportation and become established
in travel habits detrimental to the Commuter airline even during periods when schedule
reliability is high.

2.7.3.3 Reduced Weather Losses. The losses attributed to weather at the 22 outlying
airports for the calendar year 1975 were determined to be $151,677. The projected

losses expected if Category I approach facilities were available would be $123,255
at 15 airports with ILS or $87,255 at 20 airports when served by MLS. The net
savings thus are:

$28,422 for ILS and
$64,422 for MLS.
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Figure 2.7-1. Losses Incurred by Allegheny Canmuters at 22
Outlying Airports Operating at Mininum Higher Than CAT 1 (In Thousands) of Dollars
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An additional projection was made to determine the weather losses that would occur
if the MIS guidance capability and procedures permitted operations to Category 1.5
(150 ft. DH-1600 ft. RVR). The losses were determined to be $78,994 with a net MLS
savings of $72,683.

The losses cited above, while significant for the commuter type of operation,
fail to show the severe impact of seasonal variations in schedule reliability and
the uneven distribution of losses throughout the year. This fluctuation was
illustrated in Figure 2.7-1 which shows how the heavy losses are concentrated in
the bad winter months. This chart shows the crippling effect of weather losses on
first quarter airline economics and further illustrates the substantial improvements
to be expected if improved landing guidance is provided.

2.7.3.4 Airborne Equipment Costs. The total Allegheny Commuter fleet consists
of 53 aircraft and each of these aircraft would require a dual MLS angle receiver
installation of the type normally used for Twin Engin aircraft. The cost of
fleet installation would be:

53 X $10,2000 = $540,600
5 Percent Spares = 27,030

$567,630

Having already established that the projected annual savings resulting from improved
minimums at ,airprts served by Allegheny Commuter aircraft could amount to $72,683,
the time required to amortize the MLS airborne equipment cost would be:

$527,630 " $72,683 = 7.3 years*

2.7.3.5 Commuter Benefits Summary. Important elements not quantified in this
analysis is the additional business generated by substantially improved schedule
reliability. Cancellations due to poor visibility weather at many of the airports
not presently equipped with precision landing guidance systems frequently run close
to 10 percent during the poor weather period. This coupled with cancellations from
other causes may impair schedule reliability to the point where customers seek other
means of travel. A. significant improvement in schedule reliability during the
worst weather periods will have a positive effect on the airline load factor not only
during the bad weather season, but also the remainder of the year as well. Business
travel comprises about 85 percent of commuter airline business. As opposed to
vacation travel, business travel tends to be non-seasonal and the customers
selection of the mode of travel is strongly affected by schedule reliability.

It is, therefore, apparent that for the commuter airlines to grow and prosper
schedule reliability must improve. The early availability of SC4LS can make a very
significant contribution to this reliability improvement. Therefore, benefits from
KS to commuters are much more than can be quantified.

-*This assumes a zero (undiscounted) preference for time. A more realistic
estimate can be obtained by using equation 4) in appendix B to recognize that
money in the hand this year is worth 10% (r=. 10) more than money received
next year. The use of anannuity equation indicates that a present debt of
$527,630 can be paid off with annual payments of $72,683 per year, in a period
of 13 years.
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2.8 FMW CIVIL AIRCRAFT MLS REQUIRUM S

2.8.1 Trends in Future Civil Aircraft

A recent NASA study18 indicated that relatively few new major aircraft develop-
ments can be expected from the present through the early 1980's. It determined how-
ever, that new opportunities will exist for required advances in aviation in the
period 1985 to 2000, if adequate research and technology investments are made in the
next decade. Two areas of future civil aviation developments were identified that
MIS holds promise for enhancing their performance capabilities. These forecast
aviation developments included:

a. Greater efficiency and economy in conventional takeoff and landing (CTOL)
passenger and cargo aircraft service at subsonic speeds, and improved
utility and safety for general aviation are expected.

Representative aircraft developments in this category for the near-term
include both derivative or growth versions of mid-range and long-range
transports, new efficient long-haul transports, and derivative versions of
general aviation aircraft. In the far-term, large cargo transport aircraft
are foreseen. These aircraft will feature fuel efficiency and reduced oper-
ating costs, reduced noise and emissions, and greater safety and passenger
convenience. They will incorporate new technology in order to assure the
level of service currently provided by U. S. air transportation within more
stringent constraints.

b. Greater improvements in short-haul air transportation using turbofan or
turboprop aircraft and subsequently, rotorcraft and vertical or short take-
off and landing (V/STOL) aircraft are also anticipated.

Representative aircraft developments in this category for the near-term
include a new efficient short-to-mid-range transport possibly having re-
duced or short takeoff and landing (R/STOL) field performance. In the
far-term these aircraft are likely to be complemented and replaced by
intercity vertical takeoff and landing (V/STOL) aircraft or rotorcraft. In
addition, medium sized utility and business rotorcraft are foreseen to be in
widespread use in the post-1990 time period. These aircraft and rotorcraft
will incorporate advances in technology to achieve greater efficiency and
improved operating characteristics and to meet environmental standards.
They will be used as part of an organized short-haul system using small
airports that will complement, and provide a feeder service to, the long-
haul system. Additionally, the smaller aircraft and rotorcraft will be
used as utility vehicles for transportation to oil rigs at sea, to remote
sites on land, for pipeline surveillance, resource exploration, and other
purposes.

2.8.2 1LS Benefits for Short-Haul Aircraft

For the purpose of this paper, short-haul aircraft are those aircraft which can
operate from runways of 2000 feet - 4500 feet; with short takeoff and landing (STOL)
aircraft being aircraft that can operate from the shorter runways (2000 feet - 3300
feet).
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The capacity of the National Air Transportation System is limited by growing
congestion at major metropolitan airports. This congestion produces costly delays
with the waste of fuel, and the production of needless pollution. The use of MLS
will provide many benefits associated with options for relieving congestion by
exploiting the short runway and low-noise steep approach departure characteristics
of current and future short-haul aircraft types.

The benefits of a number of the future short-haul air transportation concepts
will only be obtained if aircraft characteristics can be exploited which allow steep
approaches, steep departures, slow approach speeds, small turning radii, and opera-
tions from short runways. The Twin Otter (DHC-6), the DASH-7, designs of advanced
augmentor wing, externally blown flap and over-the-wing blowing STOL aircraft, and
the anticipated civil derivatives of the Air Force Advanced Medium STOL Transport
(ANVT) aircraft are representative aircraft which will be capable of the above-
mentioned flight characteristics. The exploitation of these flight characteristics
depends, in turn, on using a terminal guidance system with the accuracy and coverage
that will be provided by the proposed MLS.

Although short-haul operations may place unique requirements on M'S such as
steep-approach coverage, wide-angle coverage, accuracy, etc., the benefits of MLS
for short-haul are not unique to short-haul. They are applicable in varying degrees
to conventional takeoff and landing aircraft (CTOL) but are critically important to
short-haul aircraft. The MS allows this type of aircraft to operate as designed.
If constrained to operate as conventional takeoff and landing aircraft (CTOL), short-
haul aircraft designs will not prove effective or economical.

MLS will provide for short-haul aircraft in the following areas:

a. Improved Noise Reduction

Present-day turboprop aircraft (DASH-7) and future aircraft with steep
approach and departure capability need guidance to provide, among other
benefits, maximum noise relief through steep approaches. The point is, the
MIS will provide significant noise reduction benefits by providing guidance
information so that short-haul aircraft with steep approach capability can
operate as designed.

b. Improved Obstacle Clearance Margins

Through the use of MLS for steep approach guidance, safety margins over
obstacles during the approach may be about doubled, based on increases from
30 to 7.50 .

c. More Effective Use of Available Airspace

By applying the flight characteristics previously described and through
the application of the coverage and accuracy of 14S guidance, it will be
possible to provide more effective utilization of airspace by routing short-
haul aircraft through areas normally not used by CTOL, or by using airspace
not usable by CIOL. Benefits of increased capacity, reduced enroute times,
improvements in safety margins, and improvements in environmental consider-
ations will result.
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d. Minimm Time Enroute Operations

On the shorter route segments associated with short-haul air transportation,
any unnecessary enroute time can significantly affect return on investments,
fuel conservation, etc. As an example, 3 minutes delay per approach on
a route segment which averages 1-hour flights, means a 5 percent loss in
time, fuel, etc., resulting not only in passenger inconvenience but signifi-
cant increases in the cost of air transportation. By using MLS guidance
which exploits characteristics such as curved, steep descending approach
techniques, enroute times can be kept to a minimum.

e. Utilization of Airports with Difficult Terrain Features

Because the MLS can be installed at airports where terrain features, close
proximity of buildings, and other siting problems can seriously inpact site
preparation expenditures and system performance of ILS installations, MLS
offers significant benefits for short-haul air transportation. Short-haul
aircraft frequently operate into short runway airports that are near central
business districts, reliever short-runway airports, resort areas, etc.,
which often have severe antenna siting environments and bad weather environ-
ments. MLS is particularly beneficial in these situations because of the
number of airports that cannot be used with ILS. The Canadian STOL Demon-
stration Program illustrates this MLS benefit. Short-haul operations into
Aspen, Colorado, and Fullerton, California, are typical of other operations
where MLS type of guidance is of particular interest to the local operator
based on a combination of site and economic situations. Interest in the
interim MLS reflects the need for MLS type guidance systems for short-haul
aircraft where minimum siting preparation, steep approach guidance, etc.,
provide significant operational and economic benefits.

f. Improvements in High-Density Airport Operational Capacities

High-density airport operations can benefit from MLS accuracy, coverage
and siting characteristics by providing the capability to use additional,
short, runways for short-haul operations on the existing airport. This
could significantly increase airport capacity without adverse effects on
CTOL operations. As an example, a study of Heathrow Airport in London,
England, shows a potential of doubling the passenger movements by this
segregation method. Similar capacity benefits were demonstrated by a joint
FAA/NASA Simulation of short runway operations at JFK Airport in New York.
The simulation results showed that a net capacity increase of about 50 per-
cent was very reasonable to expect without any adverse effects on other
flight operations as viewed from the ATC point of view. This study also
showed that the use of 7.5 degree approach and slow-speed maneuvering
characteristics simplified airspace assignments in the final approach data
between CTOL and STOL operations. In addition, STOL arrivals are accom-
modated without any change to the JFK CTOL arrival procedures and with
minimal effect on the adjacent airport (LGA) departure operations. This
decoupling of airspace conflicts was made possible through the use of higher
altitudes associated with the steep STOL approach and through the conduct
of STOL operations in unused airspace imnediately over the airport. The
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use of KLS in this application could provide large benefits through

decreasing congestion and reduced overall delays.

2.8.3 MLS Benefits for Future VIOL Aircraft

Widespread application of VrOL/helicopter aircraft for high-density short-haul
passenger service has been considered as a logical alternative to increased use of
ground transportation. A number of problems (e.g., operating costs and reliability)
and other considerations have precluded early achievement of this capability. How-
ever, the "NASA Outlook for Aeronautics" forecast that by the 1990's intercity VTOL
and rotorcraft transports will be available. With the advent of very quiet VrOL
aircraft that can operate from small landing sites, perhaps 10 acres (4 city blocks),
the potential exists for using small city airports as the nuclei for redevelopment
and for creating centers of commerce that revitalize our cities. The development of
quiet vertical takeoff and landing aircraft is considered to be one of "two aero-
nautical developments that are critically important to U. S. leadership in aviation."

In addition to improved operating economics, a significant problem that must
be solved to make STOL a viable mode of short-haul transportation is the provision
of an "all-weather" operating capability. Considering the city-center environment,
the need for an IFR capability for steep approaches on restricted approach paths
dictated by noise considerations and safety factors such as avoidance of tail
obstacles can be seen to be a critical requirement.

Variable approach paths with selectable glide slope angles are needed for VIOL
landing to provide this "all-weather" operating capability. Since there will be
many joint use airports, compatible CTOL and VTOL landing systems are important.
The expanded azimuth and elevation coverage provided by MLS is also required to
accommodate Category III approaches to multiple landing pads or to remote sites such
as oil rigs at sea. A spiralling descent technique, which would be usable at CTOL
airports above CTOL traffic and also usable at VTOL ports to provide for a missed
approach capability has been investigated for VTO aircraft. This technique would
require the coverage MS provides.

ILS cannot provide the signal-in-space required for future VTOL/helicopter
operations. On the other hand, AS will meet the requirements for future VTOL/
helicopter operations and is, in fact, necessary to exploit the potential of these
aircraft.

2.8.4 MLS for Future CTOL Aircraft

The terminal area performance benefits to be gained by the next generation CTOL
aircraft are not unlike those that could be gained by full exploitation of MIS in
present generation aircraft in terms of more sufficient use of airspace and reduced
noise exposure. However, the development of integrated digital avionics systems
with reliability far beyond present systems, together with advanced aircraft design
techniques will provide further increases in terminal area performance and make fully
automatic flight a routine occurrence. The ability of the MS is to provide the
signal-in-space for the close-in terminal maneuvers as well as final leg guidance,
avoiding transition between signal sources (VORTAC to ILS) during this critical
period in the terminal phase of flight, is fundamental to obtaining the full benefits
of "terminal configured" vehicles. The cost benefits of fully integrated avionics
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with high reliability will encourage the application of these techniques to a wide
spectrum of future CUOL aircraft. The integration of advanced displays and
performance monitoring capability into these aircraft together with the application
of 4D navigation onboard and advanced ATC capabilities on the ground provide for
significant improvement in the efficiency of terminal area operations.

Current development trends indicate that navigation guidance and control sys-
tems will be accomplished with digital equipment in future generations of aircraft.
Advances in the digital field have been so significant that it is almost incon-
ceivable that we would go through the long and arduous development of another analog
flight control system for future commercial aircraft. Digital systems are flying
today in experimental aircraft and numerous design efforts are currently underway
for new systems.

LS, because it is a time multiplexed, sampled data system, is inherently com-
patible with these digital systems. A direct digital to digital interface can be
developed between the receiver and the down stream data processing equipment
employed for path following or guidance computations. It is in these future
avionics that the full capacity of MLS will really be exploited.

2.8.5 Summary

The use of Microwave Landing System (LS) for current and especially future
short-haul aircraft will provide a number of benefits. These benefits are obtained
through AS guidance coverage and accuracy which allows effective use of steep
approach, small turning radius, low maneuvering speeds and short runway takeoff
and landing capabilities. Specific benefits are: (1) improved noise reduction,
(2) improved obstacle clearance safety margins, (3) more effective use of available
airspace, (4) minimum time enroute operation, (5) utilization of airports with
difficult terrain features, (6) improvements in compatible air transportation
service to small communities, (7) relief of congested high-density terminal areas
through improved utilization of secondary airports, and (8) improvements in high-
density airport operational capacities. These benefits, generally applicable to
other aircraft types, are critically important to the effectiveness and viability
of short-haul aircraft by allowing this type of aircraft to operate as designed.

For CrOL as well as STOL aircraft, LS and other navigation sensors will be
integrated in an optimized digital system combining the best features of each.
Complex 3D and 4D (arrival time control) path guidance techniques will evolve with
full automatic control available from entry into the terminal area through touchdown
and rollout. The precision position information provided by LS will complement the
more widely available, but less accurate VOR/[NE data. This will make possible the
flexible but well controlled operations needed to expedite terminal area traffic in
IFR conditions. A great deal more development and actual operational testing will
be necessary before quantitative user benefits for these systems can be completely
established. Potential additional benefits attributable to AIS in these future
aircraft are:

o Optimized transitions from enroute to terminal area and final approach paths

o Nbre flexibility for terminal area path following while minimizing
controller commuications
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" Takeoff and missed approach guidance capability

* Mbre precise operation with digital implementation

" Simplified fault tolerant automatic control systems

" Improved system monitoring implementations using N4. transmitted test
signals

" Improved cross channel monitoring in redundant configurations

" Utilization of NLS auxiliary data transmissions for better crew information

" Greatly increased crew confidence and system utilization resulting from
both better performance and demonstrated integrity.
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2.9 MILITARY BENEFITS

2.9.1 Introduction

During and since World War II the military Services have used two main preci-
sion approach and landing systems; the conventional ILS and GCA. These systems have
proved invaluable and have met the requirements of the Services, except for certain
specific operations such as aboard aircraft carriers and forward areas.

Each of the two systems had some drawback for one or mere of the Services. GCA
offered interoperability but lacked mobility, flexibility of operations and perform-
ance in heavy rain. GCA also was costly to operate in terms of parts replacement
and manpower. The ILS met the Air Force needs to a large extent and was compatible
with national and international operations. ILS was of no value to the Navy for use
aboard ship nor to the Army and Marine Corps for use in forward areas. ILS lacks
ease of installation in many areas and requires real estate not always available nor
protected in battle zones.

Because of the above mentioned deficiencies of ILS and GCA, the Military Ser-
vices embarked on a research and development program in the 50's to obtain suitable
precision approach and landing systems to meet their needs. Perhaps the Navy had
the most unique requirements and it seems they took the development lead. The Navy
now has a landing system aboard aircraft carriers with a GCA capability, ILS capa-
bility and fully automatic aircraft landing control. The Marine Corps has under
procurement a similar system for tactical use. Both the Navy's and Marine Corps'
new microwave landing systems use the same avionics and are, therefore, compatible.
The Army is developing a system similar to the Marine Corps, also for forward area
tactical use.

The Air Force developed and procured a number of microwave landing systems
chiefly for use in situations such as Vietnam. The Air Force developed and is pro-
curing a highly sophisticated GCA for tactical purposes which overcomes many of the
GCA deficiencies stated above. Conventional ILS is also used by the Air Force to
provide capability at more air stations and to an increasing number of aircraft.

From the above it seems evident that the military needed and have worked with
a good deal of fervor to satisfy their individual needs. Yet viewing the overall
results at this point, something is still lacking. The new systems do not offer in-
teroperability among the military services. The Air Force needs to be compatible with
civil and international aviation for domestic and overseas operations. Therefore,
the Air Force would require another system to operate with the Army's developing
microwave landing system and possibly a third system to also be compatible with the
Marine Corps and Navy.

The Navy has satisfied its requirements for aircraft carriers with the SPN-42
but it is complex, expensive to maintain, requires extensive flight checks and man-
power. What is lacking then is a single system which provides interoperability mang
the military, provides civil/military covnonality and permits the mobility and flexi-
bility to satisfy tactical requirements. If the operation and maintenance could also
be reduced in terms of personnel, support and repairs, it would be a bonus.
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Militma Commtment - The Department of Defense is committed to joint dovelop-
ment test of the Nationa MLS. Based upon a MLS capable of fulfilling military
tactical requirements, the Military Services are expected to achieve the following
important benefits:

o A material reduction in the numrber of Ground Control Approach Systems
with the attendant reduction in personnel and maintenance costs.

e Interoperability, operational flexibility and mobility to satisfy mili-
tary tactical requirements.

9 Civil/military commonality to improve operational capability and reduce
research, development, procurement, training, and logistics costs.

In a study (see Volume II) recently completed, it was concluded that, by re-
placing existing military landing systems with MLS, the annual cost of Operation and
Maintenance (O"() to the Military Services would be reduced. The date at which this
reduction would be realized is dependent upon the implementation plan or scenario
used. The O&M costs could be reduced from the current $101.5 million per year to
a $64.6 million per year on completion of implementation. Much of this cost reduc-
tion stems from a reduction of operator and maintenance personnel from 3388 to 1621.

This report concluded further that much of the cost savings, operational flexi-
bility and system mobility could be achieved by the Military Services' standardiza-
tion on one of two existing military microwave landing systems. However, only by
obtaining civil/military commonality on an ICAO approved MLS can the important bene-
fits to civil and international interoperability be exploited. Civil and inter-
national interoperability are fir USAF requirements.

2.9.2 Present Systems

ARMY - GCA/PAR

NAVY - GCA/PAR

Carrier Automatic Landing System, AN/SPN-42

Military Microwave Landing System, AN/SPN-41

AIR FORCE - GCA/PAR

ILS

MARINE O3RPS - GCA/PAR

Marine Remote Area Approach and Landing System, MRAAL
(SPN-41 Compatible)

Marine Air Traffic Control and Landing System, MATCAL
(SPN-42 Compatible)
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From this list it can be seen that there is a proliferation of systems and that

interoperability between all the services can only be provided by the GCA/PAR.

The major limitations of the existing systems are listed below:

GCA/PAR

1. Expensive to operate because of the number of aircraft controllers
required.

2. Poor performance in heavy rain.

3. Not easily transported for forward areas.

ILS

1. Not usable in forward areas or on aircraft carriers.

2. Susceptible to multipath-generating influences making it difficult to
site and limiting construction and movement of aircraft and vehicles in
wide areas about an installation.

3. Unsatisfactory for automatic landings of high performance military air-

craft.

SPN-42/TPR-22 and SPN-41/MRAALS

Incompatible with Army, Air Force or Civil airfields operations.

GCA/PAR systems which currently provide the only military interoperability are
generally classified as large, fixed or mobile, and small, tactical or transportable.
A large PAR has two landing operator consoles. A small PAR has one landing console.

The number of hours of PAR operation will vary with airfield comnitment and
traffic density. The degree of manning also may vary with the Service policy. Based
upon the fact that some PAR units will be required to operate 24 hours and others 8
hours or less, a recent study indicated for computational purposes that an average
large PAR would use 6 operators and 4 maintenance technicians. It was indicated that
a small PAR would average 4.5 operators and 1 maintenance technician. The tactical
deployment requirement of the small PAR was used to account for difference in large
and small PAR manning patterns.

2.9.3 Benefits of a National/International System

All their Services desire to improve their approach and landing capabilities
and to operate military aircraft world-wide in both the civil and military environ-
ments. The use of an ICAO adopted MLS could improve these approach and landing
capabilities. Provided that the adopted system will meet all tactical requirements,
it could replace all existing approach and landing systems. Based upon information
currently available military planners are willing to commit themselves to the Time
Reference Scanning Beam (TRSB) LS but do not have sufficient data on other candi-
date system for a similar commitment. They are agreed that the ICAO adopted MLS
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could possibly replace all ILS units, all fixed and mobile GCA/PAR units and a large
proportion of the tactical GCA/PAR units.

2.9.3.1 Cost Savings. It is important to note that the typical method for establish-
ing the attractiveness for military investment is to compare the relative costs to
achieve a given mission. (Typically this is referred to as cost effectiveness
analysis.) In addition, the military savings are not included in the NLS benefit/
cost analysis of this report because of the unique nature of the military mission
and related benefits. Therefore, there is no discounting of the military savings
in this report. Once it is established that the military mission is necessary, it is
sufficient to use total program costs. The supporting study (see Volume II) indicates
that most, if not all, of the cost of new NLS equipment and installations can be com-
pensated for by the reduction in operation and maintenance costs over a 25 year
period.

The bulk of the O&M saving results from the removal of GCA/PAR units. The
removal of PAR operators and maintenance technicians also removes associated re-
cruiting, training, and logistic support. The combined Services F&E and O&M costs
for a 25 year period with MLS inplementation starting in 1980 were analyzed. The
supporting study provides costs for various implementation scenarios. It was found
that F&E costs would peak in the 1985 to 1990 time period as MLS implementation
reaches its peak and then gradual decline to zero in the year 2000. O&M costs would
be reduced by $61 million over the time period 1980 through 2005 (see Appendix).
Personnel reductions in the same time period would be reduced by 1328 people.
Further reductions can be expected in R&D expenditures. In a ten year period the
study found that the military spent $7.3 million in R&D annually for landing systems.
This and the continued proliferation of a variety of different landing systems could
be eliminated by the implemntation of MLS.

2.9.3.2 Operational Flexibility and Mobility. In the development of MLS, the FAA
has designed the system to provide for a simple Small Conmmity MLS for airfields
with general aviation aircraft and for the most sophisticated hub airfield with the
largest jet aircraft including a high capability tactical/shipboard system for mili-
tary use. There are a number of gradations which permit the FAA to use the design
on the ground which most nearly meets requirements and enables civil users to select
the aircraft equipment meeting their needs. The military requirements cover the
whole spectrun of civil ground and aircraft applications.

The supporting report defining military ground and aircraft equipments is
included in Voltme II. As can be seen the military equipmnt relates closely to
the civil equipment. The availability of so many gradations of operational per-
formance provides a degree of flexibility not previously available to field com-
manders and program planners. Not shown is the shipboard MLS which may be a Stand-
ard MLS with beams stabilized for the roll and pitch of the ship.

MIS engineers project that there will be a modular design for equipment so
that one may be able to build from Austere to Standard to Advanced by adding modules.
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This modular approach is of great interest to the Military Services; however, it is
too early to determine how cost effective this plan would be. Modularity does pro-
vide an additional degree of operational flexibility.

2.9.3.3 Civil/Military Commonality. These benefits of civil/military commnality
have been addressed before in great detail. The discussion contained herein high-
lights the most important benefits to the Military Services.

2.9.3.3.1 Operational Benefits. Commonality would provide:

• Better use of joint use airfields

* Better use of airspace

e Reduction in pilot problems

• Better use of the frequency spectrum

a. Better use of airfields - A recent FAA Order 5190-2H identified 171 civil
airfields as authorized for joint use by the Military/Services. Of these
only 4 were equipped with a GCA/PAR and would be usable by all the Services
under IFR conditions. A conmon landing system could provide this capability
at all 171 airfields.

The ability of the Military Services to use civil airfields for dispersion
or deployment at times of crises or in preparedness exercises could be
enhanced considerably by having landing system conmmality.

The Services now use civil airfields to reduce overload at flight training
facilities. It is often necessary that they bring along their own mobile
landing system unit to provide the proper training environment. Commonality
could eliminate this need.

Military aircraft with malfunctions or fuel shortages are often forced to
divert to a military airfield due to the incompatibility of their landing
system with a closer civil airfield ground environment. A forced landing
under this situation represents a hazard to life and property.

b. Better use of the freqeny spectrum - The use of a common civil/military
landing system will reduce the increasing demand for channels in some
frequency bands and could possibly eliminate the needs for some assigned
bands entirely. Commonality will permit a much more intelligent assignment
of frequencies.

2.9.3.3.2 RPT4E and Procurement Benefits - This category of benefits would include:

e Expansion of the engineering base

* Shared Research, Development, Test and Evaluation (RDThE) Costs

* Reduced procurement costs
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a. Expansion of engineering base - The past proliferation of civil and military
landing system has resulted in a wide split in the govermant/industry
engineering commnity. Engineering talent has been divided into separate
caops supporting specific systems both in government and industry. The
development and procurement of a common civil/military landing system
eliminates competing systems and provides a larger engineering base for the
standard system.

b. Share RDT&E costs - The cutirent MLS procurement program is funded by FAA.
The elimination of competing military developments will reduce R&D costs
Lo the Military Services. Future R&D to satisfy peculiar requirements of
a specific Service can address those areas which are beyond the scope of
the basic development. Refinement of the basic system can be carried on as
a common shared endeavor. Test and Evaluation (T&E) would be performed in
the same way with shared evaluation of the basic system and separate fund-
ing of tests performed to evaluate equipment built to meet peculiar Ser-
vice requirements.

c. Reduce rocurement costs - With a common civil/military landing system the
assumption is made that much of the hardware used by the Services on the
ground will be similar to that being procured by the FAA. Likewise, some
military aircraft AIS equipment will be similar to that used by general
aviation and commercial air transportation. This increased market for
equipment meeting the saw or similar specifications is expected to increase
competition and reduce prices for all users. The Military Services as one
of the principal users stand to benefit by this conmonality of equipment
requirements.

2.9.3.3.3 Training and Logistics Benefits - This category of benefits would include:

• Reduction in training costs

" Reduction in logistic support costs

a. Reduction in training costs - A reduction -.& the number of systems for
which pilots, controllers, and technicians must train will reduce training
and proficiency flying requirements. This would reduce requirements at
schools for instructors, representative landing components, and trair'ing
manuals. It also could reduce the number of training aircraft and Aiul-
ators required.

The commonality of a civil/military landing system would permit the shared
use of existing civil schools and training facilities.

b. Reduction in logistic support costs - Logistic costs which represent the
hidden costs associated with maintenance of a system are particulary high
in the Military Services. This is due in part to the military requirement
to be able to function at any time in any part of the world. It requires
that equipment, parts, and maintenance personnel be prepositioned. Any
reduction in the number of landing system will result in proportional re-
duction in the logistic support costs. The use of a commn civil/military
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landing system could further reduce logistic support costs since some of
support equipment and trained maintenance personnel would already be
spotted worldwide in support of the civil/military systems of allied
nations.

2.9.4 Present Procurement Plans

The present plans of the three U.S. Military Services to place MLS into oper-
ational use are briefly summarized below:

U.S. Air Force - The USAF plans to procure 20 tactical system, 250 fix-based
systems, and avionics for about 8,500 aircraft. This implementation could begin
as early as the mid-1980s and extend from 10 to 15 years.

U.S. Army - The Army expects the number of MLS ground and airborne systems shown
below will meet their requirements for precision landing systems.

US Army NbS Requirements Sum aiy

Ground Requirements

TOTAL: 106 Systems Programed by Fiscal Year

79 80 81 82 83 84 85

Tactical is 0 32 32
Civ CAT I 0 0 8 16
Civ CAT I I 0 3

Cumulative (15) (15) (47) (79) (90) (106)

Airborne Requirements

TOTAL: 7675 Aircraft Equipped by Fiscal Year

80 81 82 83 84 85 86

500 1100 1500 1500 1100 1100 875

Cumulative (S00) (1600) (3100) (4600) (5700) (6800) (7675)
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U.S. Na - The U.S. Navy would equip 13 aircraft carriers and 55 Navy and
Marine Corps shore Station Airfields with MLS. An additional 45 remote area systems
and 17 expeditionary systems would be required for tactical purposes. No allowance
is made in these estimates for spares. The planned inventory of 5600 Navy and
Marine Corp aircraft would also be equipped for use with MLS. Aircraft procured in
FY-1983 and subsequent years would be procured with MLS. Aircraft in the inventory
in FY-1983 with at least ten-years of projected operational life remaining would be
retrofitted with MS.

The shore station systems would be procured at the rate of 10 per year between
FY-1981 and FY-1989. The 13 aircraft carrier systems would be procured commencing
in FY-1982 at the rate of 2 to 3 a year. Approximately 6,000 aircraft systems would
be procured in FY-1981 through 1989. The tactical ground systems would be procured
between FY-1983 and FY-1989.

The benefits to the Navy are heavily dependent on timing. Any further delay
in the availability of MLS would necessitate continued reliance on present sytems.
Should shipboard system performance of MLS not be demnDstrated prior to 1980, the
Navy would then need to pursue development of a new system to replace ACLS aboard
ship, as well as PAR ashore.

2.9.5 Military Benefits Summary

In order to achieve the benefits of an internationally standardized system for
both civil and military use, the U.S. Military Services are conmitted to the joint
development and implementation of MLS (this ascertion is supported by documentation
received from DOD). Given that MLS is approved by ICAO and is capable of fulfilling
the military tactical requirements, it is concluded that, by replacing existing mili-
tary landing systems with MLS, the annual costs to the Military Services of landing
systems could be significantly reduced.

The principle benefit to the military of the MLS will be the national and
international flexibility provided at all civil and military fields by MLS as an
international standard. This commonality will not only improve operational capabil-
ity, but will also reduce research and development, procurement, training, logistics,
and operating costs.
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2.10 INTERNATIONAL MLS MARKET

2.10.1 Introduction

The international community has recognized for some time the need for an
improved landing guidance system. ILS has served civil aviation well for the past
30 years and still provides very useful services. Its effectiveness, unfortunately,
is hampered by several technical shortcomings which either deny its use to a number
of locations, or limit the expansion of facilities and structures surrounding the
airport.

Several international airports are and will be limiting their peak capacity
with ILS because of:

a. the inability of ILS to handle the larger volumes of aircraft anticipated
in the near future (e.g., London, Paris);

b. a lack of adequate capability to cope with false guidance signals reflec-
ting from surrounding structures (e.g., Hong Kong, Buenos Aires Municipal
Airport);

c. the ILS channel congestion problem anticipated at larger hub airports; and

d. the high installation costs related to siting difficulties (e.g., Caracas,
Schiphol, Marseilles, most coastal international airports).

Therefore, a new international system is needed which will provide precise,
high-integrity guidance signals over a wide coverage sector. This system should be
almost unaffected by topography, proximate airport structures, overflying and
taxiing aircraft, ground vehicular traffic, snow accumulation, and weather. Further-
more, many developing countries require systems which can be deployed in remote,
generally hostile environments and which will provide a basic, high-reliable service
with minimal installation and maintenance costs. The above is a direct consequence
of the fact that precise landing guidance is becoming a recognized requirement for
the safe and economical operation of internationally operated aircraft in all types
of weather conditions -- VFR as well as IFR.

2.10.2 ICAO Operational Requirements

A formal set of Operational Requirements (OR) for a new non-visual precision
approach and landing guidance system to meet international operational requirements
has been adopted by the International Civil Aviation Organization (ICAO). This OR
states in specific terms those operational and technical characteristics required
of the new system. The essence of this ICAO OR is contained in the opening para-
graphs (1.1 through 1.3) of the Appendix to the report of the Seventh Air Naviga-
tion Conference held in Montreal in April 1972. These paragraphs are presented
verbatim below.

1.1 These Operational Requirements are aimed at stating the requirements of
present international civil aviation operations and those which can be
foreseen within the next 20-30 years, and which if satisfied, would be of
immediate benefit. Although this document addresses the requirements
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for international civil aviation, it is recognized that any new approach
landing guidance also be adaptable for meeting the national requirements
of individual countries.

1.2 These requirements are for a high integrity precision guidance system to
permit an approach, landing and missed approach capability:

a) at most aerodromes and most runways;

b) at a maximum acceptance rate;

c) with no cloud base or visibility restriction;

d) with the flexibility of visual approach operations in all
weather conditions;

e) with no limitations or constraints imposed by the guidance sys-
tem (except where limitations are deliberately accepted for
economy and simplicity) e.g., with guidance signals unaffected
by local terrain, buildings and ground or air traffic; and with
accuracy, volume of coverage, reliability, and integrity suitable
for any desired approach and landing operation by any type of
aircraft;

f) with simplified versions of air and ground equipment for limited
operations but with a system design to permit compatibility
between all versions of the air and ground equipment; and

g) in order to aid noise abatement.

1.3 These requirements describe the foreseen full operational needs for a
new non-visual precision approach and landing guidance system for inter-
national civil aviation.

2.10.3 IATA Standpoint on MLS

The International Air Transport Association (IATA), sensitive as it is to the
economics and operation aspect of international carrier requirements, recognized the
need of an improved system and the unavoidability of its appearance in the civil
aviation world. The following extract from the "IATA Initial Standpoint on MLS,"
presented at the sixth meeting of the All Weather Operations Panel (AWOP-WP/258,
9/12/75) states:

' MS Standardization

IATA encourages the development of MLS and supports positive action by ICAO
towards the establishment of MLS as a new ICAO standard approach and landing
aid, and the adoption at an early date of the MLS technical Standards and
Reconimended Practices (SARPS).
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Reasons

1. MLS techniques offer significant technical improvements and operational
capabilities unattainable with ILS.

2. Positive action by ICAO leading to the early adoption of MLS SARPS is

necessary to avoid proliferation of nonstandard interim systems."

2.10.4 Selection of a New International Standard

ICAO, at the time of this writing, has undertaken the decision making process
which will lead, hopefully, to a universally accepted MLS standard. Such a decision
will impact the world aviation community, and particularly, the U.S. industrial
sector. This expectation is predicted on the following four fundamental proposi-
tions:

a. An appreciable number of foreign international airports (see Table 2.10-1)
will gravitate towards MLS ground installations. This is due to specific
local needs which either cannot be met, or are inadequately fulfilled by
ILS. Corresponding foreign carriers, equipped with MLS, would wish to use
this superior guidance system when landing in U.S. international hubs, thus,
significantly affecting the economic justification of an MLS installation
at U.S. international airports.

b. Domestic carriers and general aviation aircraft using these international
airports may, in fact, pressure the domestic airports they also use, to
install MLS ground equipment compatible with their avionics. Therefore,
domestic airports will be affected significantly by foreign MLS facilities.

c. An early ICAO MLS standardization could generate approximately 2.2 billion
dollars worth of sales. The suitable participation in this market by U.S.
industry would materially improve the U.S. balance of payments.

2.10.5 Potential United States Share of Foreign Market

Historically, United States manufacturers of civil aviation products have held
a strong position in world markets. However, most governments now recognize the
value of civil aviation activity, both manufacturing and operating, as an instru-
ment of national and regional policy. Accordingly, they are providing direct finan-
cial and political support to developments that benefit their civil aviation
activities. The impact of their participation in the manufacturing, marketing,
financial and political aspects of the industry is increasing.

MLS development effort is underway in a number of countries. The analysis in
this section is limited to the situation with no manufacturing licensing or other
restrictions which would give competitive advantage to manufacturers in the country
whose system is adopted as the ICAO standard (the current agreement by ICAO member
nations). 1anufacturers in the United States and elsewhere will compete in a world
market within the framework of the programs and policies of the various nations and
international agreements affecting international trade. The proportion of MLS equip-
ments manufactured in the United States will depend upon the ability of U.S. manu-
facturers to compete in this international market. In any event, it is likely to
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be quite substantial since the United States manufacturers' share of the world
aviation market is currently approximately 70 percent.

2.10.5.1 World Market for MLS Ground Systems. Table 2.10-1 shows that initially
approximately 1000 MLS non-U.S. installations are expected to be undertaken within a
few years following the anticipated ICAD decision.

Table 2.10-1. Number of Non U.S.A. Near Future
MLS (1980-1990): by Airport Requirement Category

Small Community 291

Full Capability 155

Basic 341

Helicopter/VSTOL 76

Military 110

ILS Restricted 36

TOTAL 1,009

These estimates are based on ICAO air navigation plans and on DOD flight
information publications and cover all major non-U.S. civil and military airports
in the world. Very conserative judgements have been applied when determining the
above figures, which are, therefore, in all probability, too low.

The airport classifications used here are based on the following MLS capability
criteria:

a. Small Community: airport currently equipped with non-precision instrument
approach (NDB or VOR) and sustaining significant commercial operations.
It is assumed that these airports would take advantage of the low-cost
Small Community MLS (SCMLS) option.

b. Full Capability: large airport terminals (hub airports), already equipped
with Category 1I and Category III ILS. It is a reasonable assufption that
at least 75 percent of these ILS will have full capability MLS colocated
over some transition period. It is also anticipated that in the near
future, for safety reasons, autoland will become a requirement for most
of these airports.

c. Basic: airport currently equipped with Category I ILS and sustaining
tE-i-jet operations. This particular market will take a longer time to
materialize, since current ILS installations must be amortized. It is a
reasonable expectation, however, that nearly all of these sites will be
refurbished with MLS by the year 2000, if an MLS standard is determined by
ICAO prior to 1980. It is also reasonable to assume that the replacement
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will be made with at least Category I Basic MLS equipment, in order to
maintain the capability of the current installations.

d. Helicopte/VSTOL (vertical or short-takeoff and landing): the airport is
listed as a helicopter airport or is an airport with runways shorter than
1,500 meters. This category also includes VSTOL classified airports with
runways 2,000 meters long, but at an elevation of 3,000 feet or higher.
The ICAO air navigation plans listed some airports primarily for the support
of VSTOL aircraft, and have a published operational procedure usually based
on non-directional beacons.

e. Military: DOD flight information publications lists airports with pub-
lishRedILS instrument procedures. These are considered suitable candidates
for military MLS installations.

f. ILS Restricted: airports where MLS can:

1. reduce the current landing minimms from those provided by operating ILS.

2. resolve operating limitations or difficulties created by reflections
from surrounding structures (Buenos Aires Municipal Airport, Berlin
Tempelhof).

3. resolve siting installation difficulties (Mahe, Hong Kong).

2.10.5.1.1 MLS Ground Systems Requirements. ICAO and FAA statistics indicate that
there is currently slightly mre than 1,600 civil ground guidance installations in
the world (Table 2.10-2), of which about one-third are in the U.S.

A review of the available literature revealed a variety of long range projec-
tions made to estimate the future numbers of ground stations. As a compromise
between the various studies examined, 1,600 was chosen as a reasonable number of MLS
operating in the U.S. in the year 2000.

No comparable long range projection could be found for the rest of the world.
However, currently one-third of the world ILS installations are in the U.S. and it
is assumed that at least this ratio will be maintained in the future. Therefore, it
was projected that at least 3,200 MLS installation will be required outside the U.S.
by the year 2000.

Table 2.10-2. Number of ILS/MLS Ground
Systems in United States and World, Currently and in A.D. 2000

YEAR UNITED STATES REST OF WORLD* WORLD TOTAL

1975 580 1,031 1,611

2000 1,600 3,200 4,800

*Including Russia and China
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Table 2.10-2 above, shows that 1,031 ILS units were operating outside of the

U.S.A. in 1975. The ICAO Air Navigation Plan breaks down this figure as follows:

Category I ILS: 674 units

Category II ILS: 334 units

Category III ILS: 23 units

This same ratio was used to determine the number of systems by category in 2000
(Table 2.10-3).

Table 2.10-1 shows that 291 foreign airports may equip themselves with the
Small Comunity MLS. It was assumed for the purposes of this analysis that no more
systems of this configuration would be installed before the year 2000. This number
was subtracted from the projected Category I installations for the year 2000; netting
1800 Basic MLS.

2.10.5.1.2 Value of MLS Ground System Market. Table 2.10-3 below converts equipment
numbers into estimated dollar values, and shows that approximately 1.2 billion
dollars could be generated in potential sales outside of the U.S.A. by the year 2000.

Table 2.10-3. Estimated Foreign Market for MLS Ground Systems

Number of ILS Forecasted MLS
Installation Installations Installations Unit Cost* Total MillionsClassification (Year 1975) (Year 2000) U.S. Dollars of U.S. Dollars

Small Community 291 $ 214,125 62.3

Category I 674 1,800 310,410 558.7

Category II 334 1,037 495,400 513.7

Category III 23 72 1,060,160 76.3

3,200 $1,211.0

2.10.5.2 World Market for MLS Avionics. Under freedom-of-choice conditions, an
international user would equip his aircraft with MLS avionics only when he consid-
ered the benefits more than worth the cost and provided that the airports he uses
are equipped with MLS.

It is difficult to quantify this market since, among other things, cost-
effectiveness varies from user to user. Also, information related to number of air-
borne systems is not collected. Hence, estimates for MLS avionics must be developed
from published aircraft numbers and currently existing ratios of equipped to non-
equipped aircraft.

About 70 percent of the airline aircraft in the world (excluding U.S.S.R. and
China) are of U.S. manufacture. About one-third of these aircraft are of U.S.
registry with almost 95 percent of the latter of U.S. manufacturer. The fact that
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the aircraft are manufactured in the United States does not necessarily mean that
the landing system receivers were manufactured there, but it does suggest a sub-
stantial potential market for receivers of U.S. manufacture. If these proportions
continue somewhere near present levels, it would probably not be unreasonable to
guess that over half of the air carrier MIS receivers might well be of U.S.
manufacture.

The United States' share of the general aviation MIS receiver market may well
be considerably higher than that for airline aircraft receivers. At present, three-
fourths of the general aviation aircraft are of U.S. registry with most of U.S.
manufacture. It has been estimated that over four-fifths of the general aviation
aircraft elsewhere in the world (excluding Russia and China) are of U.S. manufacture.
Even if these proportions were to decline somewhat, the bulk of the MLS receivers
probably would be of U.S. manufacture.

2.10.5.2.1 Estimated Size and Value of Air Carrier Avionics Market. ICAO data
indicates that there were 7623 air carrier aircraft in the world (excluding U.S.S.R.
and China) in 1974, of which 2600 (slightly over one-third) were of U.S. registry
(see Table 2.10-4). Current FAA forecasts (FAA, Baseline Forecast, 1975-2000) show
that approximately 4641 airline aircraft are expected to be registered in the year
2000.

Assuming that the same ratio (2 to 1) of non U.S.A. registry aircraft still pre-
vails in the year 2000, the number of non-U.S. airline aircraft is estimated to be
9282 in that year. Table 2.10-4 below summarizes these figures.

Table 2.10-4. Number of Air Carrier Aircraft in United States and World 2000 A.D.

YEAR UNITED STATES REST OF WORLD* WORLD TOTAL

1974 2,600 5,023 7,623

2000 4,641 9,282 13,923

*Excluding U.S.S.R. and China

Table 2.10-5 shows that 10,210 MLS receivers are expected to be installed in
non-U.S. air carrier aircraft by the year 2000.

Current FAA estimates price a complete air carrier installation at $29,900.
This includes an angle receiver, precision EME capability, interface with navigation
computer, installation costs, spare parts and test equipment.

The total potential market for non-U.S. air carrier MLS avionics is, therefore,
approximately $269 million.
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Table 2.10-5. Estimated Number of Air Carrier MLS Receivers 2000 A.D.

PERCENT NUMBER OF
EQUIPPED MLS RECEIVERS

YEAR 1974 YEAR 2000 WITH KS YEAR 2000

Air Carrier 2,600 4,641 100% 4,641
Aircraft-U. S.

Air Carrier 5,023 9,282 100% 9,282
Aircraft-World*

*Excluding U.S.S.R., China, and U.S.A.

2.10.5.2.2 Estimated Size and Value of General Aviation - Avionics Market. There
is no available world estimate of ILS equipped general aviation aircraft. However,
ICAO develops an estimate of the number of general aviation aircraft in the world,
(excluding U.S.S.R. and China) from data furnished by member countries. These esti-
mates are shown on Table 2.10-6 below.

Current estimates of the general aviation aircraft in the United States which
are equipped with an ILS glide slope receiver range from 30 to 60 percent. Since
no comparable figure was found for general aviation aircraft in other countries, a
very large proportion of which is estimated to be of U.S. manufacture, the U.S. per-
centage will be considered applicable to the rest of the world.

In view of the lack of growth figure data, we will further assume that the
number of general aviation aircraft equipped with MLS will only increase to 35 per-
cent of the total world fleet in 2000 A.D.

The number of general aviation aircraft (465,800) projected for the United
States for the year 2000, was obtained from the same FAA forecast utilized for
Table 2.10-4. It is assumed that the same world to U.S.A. aircraft ratio (3 to 1)
noted for 1974 will still prevail in the year 2000. Table 2.10-6 below, summarizes
these estimates.

Table 2.10-6. Estimated Number of General Aviation KS Receivers 2000 A.D.

PERCENT NUMBER OF
EQUIPPED MLS RECEIVERS

YEAR 1974 YEAR 2000 WITH MLS YEAR 2000

General Aviation 153,000 465,800 35% 163,030
Aircraft-U.S.

General Aviation 201,000 603,000 35% 232,100
Aircraft-World*

*Excluding U.S.S.R., China, and U.S.A.
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Table 2.10-5 shows that an expected 265,320 receivers to be installed in non-
U.S. general aviation aircraft by the year 2000. DOT report FAA EM-73-10A,
"Advanced Air Traffic Nbnagement Concept, System B, September 1973," estimates that
in 1995, 25 percent of the general aviation fleet will be multi-engine, turbine or
other than single piston-engine aircraft. It has been assumed that these aircraft
will use the Type II MLS avionics, estimated at $5,600 per unit. However, the Type
I MLS equipment ($1,500) would probably be satisfactory for all GA aircraft except
jets. Single piston-engine aircraft, which constitute the remaining 75 percent of the
aircraft forecast to be equipped will use the Type I MLS avionics, estimated to cost
$1,500 per unit. The results are:

Type II Avionics: 52,760 units at $5,600 ea. = $295 million

Type I Avionics: 158,280 units at $1,500 ea. = $237 million

TOTALS 211,040 units $532 million

2.10.6 World Market Summary

The estimated expected number of systems, value and potential U.S. market
share are summarized in Table 2.10-7. As shown, the total sales anticipated for
U.S. industry during the next 25 years is just less than half of the $2.0 billion
total world MLS market, and totals just slightly less than $900 million.

Table 2.10-7. Estimate of U.S.
Participation in Foreign LS Market (1975-2000)

Probable Probable
Number of $Value U.S. Share U.S. Sales

Equipment Units (Millions) Percent ($ Millions)

Ground Systems* 3,200 1,211.0 25 302

Avionics** 9,282 269 60 161
Air Carrier

Avionics" 211,040 532 80 426

General Aviation

TOTAL $2,012 $889

*Includes U.S.S.R. and China, excludes U.S.A.

**Excludes U.S.S.R. and China and U.S.A.
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2.11 OPINIONS ABOUr NLS FROM AVIATION USER ORGANIZATION

2.11.1 Introduction

When the impact of a decision is expected to be significant, the opinions of
these effected should be factored into the decision process. This section is in-
tended to address some of the HIS issues that concern the major aviation user
organizations. These users include:

" Air Transport Association (ATA)

" Air Operator's Council International (ADCI)

" Aircraft Owners and Pilots Association (AOPA)

" Commuter Airline Association (CAA)

" Experimental Aircraft Association (EAA)

" General Aviation Ibnufactures Association (GAMA)

" National Business Aircraft Association (NBAA)

* National Pilots Association (NPA)

" U.S. Military

2.11.2 Opinions of Air Transport Association

The following is a quote concerning the airlines' view on MIS contained in a
letter from ATA to the FAA:

"The airlines have supported the development of a new universal Microwave
Landing System for a number of years, and we continue to do so. We support
early international standardization of the technical specifications for the
new Microwave Landing System of the future. We oppose further support by
FAA of interim systems such as ISMLS, which we feel can only hamper the
MLS effort. We also support strongly continued improvement and expansion
of the existing ICAO Standard Instrument Landing System, and have advised
FAA that we oppose restraints on the continuation of ILS which might be
used to force transition to HIS until the benefits are clear and a transition
timetable is agreed by FAA and the users.

"Airlines believe that rather than establish hard and fast timetables for
system implementation at this time, MIS must first show clear advantages in
terms of cost and benefits both in aircraft and on the ground. Transition
to implementation nust be established to first serve those users (civil or
military) who declaire their need for specific system configuration. Again,
in this case, it will be necessary for FAA to indicate clearly that the
improved capabilities of NIS over ILS, both in terms of improving the quality
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of the basic guidance and in the use of new capabilities, to provide measurable
benefits and improvements to the handling of air traffic will justify the
very high expenditure that an MLS airborne implementation program would entail."

2.11.3 Opinions of Airport Operator's Council International

A determination of the major air carrier airports' need for the Microwave
Landing System to provide reduced susceptibility to reflection interference effects
and to provide precision guidance along curved paths was undertaken through a
survey of the Airport Operator's Council International (AOCI). The approximately
125 U.S. airport operator members of AOCI were mailed the questionnaire shown in
Figures 2.11-1 and 2.11-1A. More than 70 airports responded. Forty-three of the 59
major air carrier airports located in large and medium hub cities responded (see
volume III for copies of responses).

Survey results for the major air carrier airports are shown in Tables 2.11-1
and 2.11-2. The responses indicate that there is a considerable near-term interest
in MLS for both curved approach guidance and ILS siting problem resolution. More
than half of the large hub airports and more than one third of the medium hub air-
ports expressed an immediate need for MLS to resolve siting restrictions. Almost
all the remaining airports anticipated a future need for curved approach. It is of
interest to note that half of the large hub airports and one third of the medium hub
airports currently used curved approaches in VER weather conditions. Noise reduction
was cited as one of the reasons for their use in almost all cases.

It should be noted that the results of this survey represent the judgement of
the airport operators in assessing the need for and the technical capability of MLS
to provide the desired operational features. To more conclusively determine the
utility of NLS in fulfilling the operator's expectations, studies of the sort
undertaken for the five case study airports (see Section 2.3) would have to be
conducted. The positive conclusions of the five case study airports tend to support
the contention that MLS will adequately provide the desired service at other
locations.

2.11.4 Opinions of General Aviation Organizations

During the month of January 1976, interviews* were conducted by Mr. Gilbert F.
Quinby, Consultant, with representatives from seven General Aviation organizations
on the subject of the Upgraded Third Generation Air Traffic Control System of which
MLS is one of nine principle features. With respect to MLS, there was widespread
agreement that there should be an improved landing guidance system and that the
microwave frequencies are the appropriate spectrum. However, this agreement is
tempered by differences of opinion on how to facilitate this change. The results
of these interviews are presented below.

R W -graded "hird Generation Air Traffic Control System - Impressions and Impact
on General Aviation," Gilbert F. Quinby, Consultant, Report No. FAA-RD-76-81,
April 1976.
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AOCI-QUESTIONNAIRE

MCIROWAVE LANDING SYSTEM BENEFITS FOR AIRPORTS-

aaIITE________

NAME POSITION

AIRPORT TELPHNE

ADDRESS

USEFULNESS OF THE
HS CAPABILITATYmLS cO MIf AT YOUR AIRPORT

Please add coummets on specific Possible No
applications at your airport. Imediate Future Foreseeable No

Need Need Need Opinion

1. Reduced susceptibility to reflection
interference effects from:

a. changeable local terraine features 0 [1 []
such as tidal water, vegetation,
etc.

b. uneven terrain in the vicinity of 5 5 5
the antennas, particularly the
site requirements for ILS glide
slope antennas

c. airport hangars, blast fences and [ [ 5 5
other structures to allow high
density airport development.

d. airport surface traffice including ["J 5 5
aircraft and vehicles to remove
restriction of traffic flow.

[

Figure 2.11-1. AOCI Questionnaire
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USEFULNESS OF ThE
MLS CAPABILITY MIS CAPABILITY AT YOUR AIRPORT

Please add comments on specific Possible No
applications at your airport. Immediate Future Foreseeable No

Need Need Need Opinion

2. Precision guidance along curved paths
for:

a. arrival guidance to reduce noise [0 E E E
in populated areas.

b. arrival guidance to avoid 3 E [
obstructions.

c. departure guidance to avoid [] ] 0 [
obstructions.

d. missed approach guidance to avoid 0 5 0 []
obstructions.

e. resolution of conflicting traffic E 5 Q C
patterns with other airports.

3. Are curved approaches presently used at your airport under visual weather
conditions? yes E no C

If yes, for what reason, noise abatement 5 , Expediting traffic 5 ,

obstacle avoidance C] , conflict traffic pattern 5 ,

other, please specify 5_

Figure 2.11-1A. AOCI Questionnaire
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Respondents to the questionnaire and their constituencies were as follows:

Vic Kayne, Vice President of Policy and Technical Development, AOPA
Max Karant, First Senior Vice President, ADPA
A. Martin Macy, Consultant, Comuter Airline Association of America
David Scott, Washington Representative Experimental Aircraft Association
David D. Thomas, Consultant, General Aviation Manufacturers Association
A. Martin Macy, Consultant, National Air Transportation Associations
Fred MacIntosh, Director Operational Services, NBAA
William Horn, Jr., Manager Airspace/Air Traffic Control, NBAA
Robert A. Cooke, Manager Airport Services, NBAA
William Fanning, Manager Technical Services, NBAA
A. R. Applegarth, Past President, National Pilots Association
James T. Pyle, First Vice President National Pilots Association

The following are excerpts from these interviews on responses about MLS by
organizations:

a. Aircraft Owners and Pilots Association (AOPA)

"The FAA's plans for operational implementation of Microwave Landing
Systems and the reluctance of FAA to encourage interim instaation and use
O ILS have drawn a strong reaction from AOPA. While there has been
extensive professional staff participation on their part in the MIS Advisory
Committee, they have joined other associations in recommending that the
Administrator encourage the installation of ISMLS where its advantages are
significantly apparent. They support the FAA position that landing systems
of the future may utilize microwave technology and advance the argument that
the ISMLS can be converted at a later date to whatever system standard is
selected for international adoption in ICAO. In the interim, the ISMLS
can provide increased availability of precision landing guidance at loca-
tions where ILS is technically or economically not practical. AOPA feels
that there are many advantages to immediate implementation of the ISMLS, as
needed, rather than waiting for availability of a "small community" or
"provisional" MLS as recommended by the MIS Advisory Comittee. The ISMLS
course of action does not jeopardize the U.S. position before ICAO, whereas
a provisional MLS would be a sign of bad faith internationally. AOPA staff
is watching very carefully the cost implications of the ISMLS/MLS situation,
both ground and air, as well as the costs and operational restrictions
involved with trying to install conventional ILS at difficult sites."

b. Commuter Airline Association of America (CAAA)

"The Commuters are very enthusiastic supporters of Microwave Landing
S tems but only as embodied by the Interim Standard format. hILS is
aequate to their requirements in today's operations where it exists and
their needs for improved service strongly recommend Precision Landing
Guidance at airport runways in new markets, rather than improved minimums
at terminals they presently serve. The Conmuters are sharply aware of the
accident record resulting from non-Precision Approach in reduced visibility
and are convinced that the ISMLS converter is the most cost-effective way
to provide guidance for precision approaches.
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The result will be an improvement in the ability of the Co'mnuter to
operate at their small hub and non-hub markets with improved schedule
reliability and, therefore, improved profits. They feel they need the ISMLS
quality of landing guidance now at many points on their operating route
structures and they should not be forced to wait five years or mere for a
"better" system. Interoperability is not a convincing argument."

c. Experimental Aircraft Association (EAA)

"EAA has little interest in influencing the course of the Microwave
Landing System. They have a fair understanding of the requirements that
hae been enunciated by the more sophisticated users of the IFR system,
and are neither for nor against any particular version of MLS for those
with requirements for improved precision landing guidance. So far, the
cost seems a bit steep for the average EAA member."

d. General Aviation Manufacturers Association (GAMA)

"GAMA's attitude towards the Microwave Landing Systems carefully

includes the Interim Standard MLS with the eventual need for mere exotic
capabilities. GAMA feels that the present provisions are adequate to
today's precision landing guidance requirements if the Interim Standard
MIS provided by FAR Part 71 is included in the total precision landing
guidance spectrum.

And eventually, the demand forecast by sophisticated high performance
operators will need precision landing capabilities in excess of those pro-
vided either by today's ILS or by the Interim Standard MLS. The safety
contribution of wider availability of higher performance precision landing
guidance will be substantial since the accident record shows a significant
percentage of our statistical risk is incurred attempting non-precision
approaches to runways in restricted visibility conditions. And as mere
runways are equipped with precision landing guidance capability, some
nominal increase in total system capacity can be shown. The cost impact
on General Aviation of a co-existing ILS and MLS can be gentle if evolved
over a long and gradual transition, or critical if forced or evolved with
multiple transitions. Careful transition planning is needed and appears
lacking. Certainly GAMA reconmends against over-implementation of any
signal that cannot provide inter-operability with the eventual International
Standard MLS."

e. National Business Aircraft Association (NBAA)

"NBAA recognizes the desirability of precision approach guidance at mere
runways now. The Interim Standard MLS is being considered by NBAA member
companies and the conmunities which--ey serve. But NBAA is counseling
caution to these companies on the premise that over-implementation of the
Interim Standard System would provoke a two-step conversion to the eventual
International Standard Microwave Landing System. So the NBAA position is
clearly that an International Standardization is desirable at the earliest
practical date. If widespread International support is developed for some
qualified system other than the U.S. candidate time-reference scanning beam
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system, then the U.S. should opt for early agreement rather than holding out
for acceptance of the U.S. candidate. By the question categories, today's
precision approach guidance is not adequate to today's NBAA operating re-
quirements, since coverage is needed with vertical guidance to mere runways.
The demand forecast by NBAA operations definitely justifies an upgrade in
this capability. The Microwave systems offer a significant increase in pre-
cision approach guidance capability, and attendant positive safety impact on
the system. Implementation of ground capabilities can provide a voluntary
assessent of avionics cost penalty proportionate to operating benefits.
The increase in number of runways capable of precision approach guidance
carries with it an increase in system capacity in low visibility."

f. National Pilots Association (NPA)

"NPA finds the ILS and its supplement the Interim MLS generally
adequate to meet today's requirements. They recognize T-t additional
demands on the system will require more precision approach guidance
capability than is available from either ILS or the Interim MLS. NPA
further recognizes the significant safety impact of improved precision
approach guidance in the accident record of General Aviation. They
recognize the system engineering problem which is presented by the need
for precision approach guidance at mere runways than are presently provided
and the limitations of the VHF/LWF ILS, particularly with the 20-channel
limitation. So the cost of a transition from ILS to MLS appears justified
as long as this transition is very carefully managed, and the Grandfather
Rights of the prior installations are carefully protected."

2.11.5 Military Positions

As stated below, the U.S. military Service are committed to the joint develop-
ment and implementation of MLS (NMS) in order to achieve the benefits of an inter-
nationally standardized system for both civil and military use.

a. U.S. Air Force

"The nature of the Air Force mission requires that USAF aircraft
use not only U.S. military and civil air traffic control and navigation
facilities, but also those civil and military facilities of allies
and nonaligned nations. This Air Force/Civil interoperability is
presently achieved through the use of the Instrument Landing System (ILS).
Air Force/Allied military interoperability is presently achieved through
the use of Precision Approach Radar (PAR)."

"Because N&LS is expected to overcome the disadvantages of ILS, PAR
and TALAR, and, when adopted internationally, will provide a single system
system to meet Air Force/Civil, Air Force/Allied military and Air Force
tactical requirements, the USAF strongly supports its development, adoption
by the International Civil Aviation Organization (ICAO), and worldwide
implementation. Equipment standardization, operational flexibility,
increased safety, and reduced costs make NNLS an attractive system."
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"In sumnarv, it appears that the implementation of NMLS with its
improved capabil.2.es and safety will be as much an advantage to the Air
Force as it will be to other users. Accordingly, the Air Force plans
to implement NMLS in conjunction with civil efforts after selection and
adoption as the international standard by ICAO and subsequent ratification
by the United States."

b. U.S. Amy

"The Army has continually supported the FAA development of the
NMLS and has abandoned the development and implementation of an interim
precision landing system. Such support has good reason; the Army requires
only one precision landing system, primarily for battlefield use, that is
compatible with other civil/military users."

c. U.S.'Navy

"The Navy currently has no established program for MLS implementation.
Operational requirements for precision landing capabilities are fulfilled
for the present and near future. The Navy supports development of a
common military/ci' .i landing system and, assuming operational suitability
of shipboard and tactical systems is demonstrated, and the system is adopted
as an international standard, tentatively plans to adopt MLS as its next
generation landing system."

"The Navy expects that NMLS, if shipboard and tactical operational
suitability can be attained, will enable a more cost effective precision
landing capability than the present labor-intensive PAR provides. Currently,
the overriding compatibility requirement is for tactical aircraft to be
equipped with a single avionics package which will provide a precision
landing capability in conjunction with shipboard, tactical and air station
ground installations. Compatibility with civil and other military users
will be the goal."

'Delay in availability of NMLS will necessitate continued reliance
on present systems. Should shipboard system performance not be demonstrated
prior to 1980, Navy would then need to pursue development of a new system to
replace SPN-42 aboard ship, as well as PAR ashore. Replacement alternatives
for MATCALS would also be explored, should a tactical system not be available
in this time frame."
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CHAPTER 3

STUDY SLU44RY AND CONCLUSIONS

3.1 INTRODUCTION

The potential impact of implementing MIS nationally in comparison to continuing
with ILS was examined to assess the comparative costs and benefits of these alterna-
tives. To the greatest extent possible, the economic impact of MLS implementation
on the National Airspace System (NAS) users and operator (FAA) was evaluated, both by
user group and airport type. In the case of NAS users who concentrate their opera-
tions at outlying and developing airports, MLS can enable safer and eventually more
economical service. Major U.S. airlines can also benefit from improved operations
due to NIS. However, this potential benefit will result more from improvements to
existing operations than from wholly new services.

Although both large and small airlines plus general aviation users can benefit
from many aspects of MLS, most of these are difficult if not impossible to realis-
tically quantify. When quantification was not possible in the study, a qualitative
description and assessment was made. It is important that the reader not overlook
these types of benefits because in several instances analytical judgments indicated
the potential for considerable user dollar savings. For example, how does one
assess the dollar contribution of MLS as a safety-required part of the UG3RD terminal
capacity increases, or the value of considerably better signal quality? Absence of
quantification should not be construed as a denigration of the value of a particular
benefit, but rather a reflection of the degree of unsophistication in the current
state-of-the-art of benefit/cost analysis.

3.2 SUMARY OF STUDY RESULTS

This study showed that implementation of the MLS can provide sizeable benefits
or cost savings, in varying degrees, to each NAS user group (air carrier, commuter
airline, general aviation, and military) and to the NAS operator (FAA). Of course,
obtainment of these benefits, both quantifiable and nonquantifiable, are only pos-
sible at a significant price. However, for each group there are quantified benefits
or cost savings to offset the cost of implementing MLS in comparison to continuing
with ILS.

3.2.1 Study Requirement Categories

The NAS requirement categories evaluated to determine the kinds and extent of
benefits achievable with MLS were:

e Improvement in Major Airport Performance

9 Relief of ILS Channel Limitations

* Federal Cost Reductions

e Upgraded Third ATC System
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• Small-Comm ity Airport Users

9 Future Civil Aircraft

e Military

e International MLS Market

These requirement studies provided for the determination of those MLS benefits
that were and were not quantifiable.

1. Ma'jor MLS Benefit Categories. The following list shows the major benefit
categories resulting from the requirements studies:

9 Improved Safety

9 Alleviation of Flight Disruptions (Cancellations, Delays, Diversions)

9 Improved Operational Flexibility

- Reduced Airspace Constraints

- Reduced Ground Operation Restrictions

- Improved Approach Minimums

- Terminal Route-Length Reduction

- Noise Abatement Procedures*

e Elimination of ILS Channel Limitations

o Reduced Government Costs

* Guidance for Future Aircraft (V/STOL, RTOL)*

* Potential International Market*

e Military Benefits*

- Improvements in OM

- Civil/Military Interoperability

- Improved Tactical Performance

*Benefit categories not sufficiently quantifiable in dollar terms to include in the
economic analysis. However, they are considered important enough such that an
objective, qualitative assessment of their value could result in an affirmative
decision for MLS implementation. The requirements studies attempted to form a
fomdation for such an assessment to complement the economic analysis results (see
Chapter 2, Volume I for details of studies).
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2. Lajor Alternative Scenarios. For both the continuation of ILS and the MLS
implementation programs, the benefits as well as the costs were evaluated for a
National requirement for 1250 total ground systems by the year 2000, the end of the
program evaluation period.

3. Incremental (MLS-ILS) Benefits. Table 3.2-1 provides a summary presentation
of the dollar benefits that could be quantified. These benefits are broken out by
separate categories and user group. The total incremental (MLS-ILS) benefits
accruing to all users over a period of 20 years and discounted at a rate of 0.10 is
$670 million.

4. Incremental (MLS-ILS) Costs. The incremental costs to the aviation users
and FAA for accruing these benefits are shown in Table 3.2-2. The incremental
(MLS-ILS) avionics costs for the community of aviation users are $172 million. In
addition, there is a net savings of $40 million which accrues to the FAA as manager
of the network of 1250 ground systems when MLS is installed in place of ILS.

5. Incremental Benefit-To-Cost Ratios. The incremental benefits and costs
and comparative ratios of benefits to costs are summarized in Table 3.2-3. The con-
sensus ratio of incremental benefits to costs for the community of aviation users
is 3.9 to 1.

TABLE 3.2-1. SUtvARY OF INCREMENTAL (MLS-ILS) BENEFITS
BY BENEFIT CATEGORY FOR INDIVIDUAL USER GROUPS

(In Millions of $1976; Discounted at 0.10)

Reduced Delay Savings Path-
Improved Flight Air and Ground Length

User Group Safety Disruption Outages Restrictions Reduction Total

Air Carrier $12 $221 $20 $206 $127 $586
(Passenger Time) -- ($1i0) ($10) ($103) ($63) ($286)

Commuters 3 17 2 .... 22
(Passenger Time) (8) (1) .... (9)

General Aviation*
Corporate Jet 2 10 2 .... 14
M4lti-Engine Prop 4 8 1 .... 13
Single-Engine Prop 13 21 2 .... 36

All Users $34 $277 $27 $206 $127 $671
(Passenger Time) -- ($118) ($11) ($103) ($63) ($295)

*Includes air taxi
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TABLE 3.2-2. SIM,4ARY OF INCREMENTAL (MLS-T!,) COST
BY USER GROUP

(In Millions of $1976; Discounted at 0.10)

User Group MLS ILS MLS-ILS

Air Carrier $151 $ 82 $ 69

Commuter 18 9 9

General Aviation:
Corporate Jet 99 58 41
NUlti-Engine Propeller 44 29 15
Single-Engine Propeller 155 117 38

All Aviation Users $467 $295 $172

Federal Aviation Admin. 468 508 -40*

* (-) Indicates MLS savings.
NOTE: Avionics and Ground Costs Include: 1) Investment, 2) O&M, 3) Frequency

Conversion (in millions of $1976; discounted at 0.10)

TABLE 3.2-3. INCREMENTAL (MLS-ILS) BENEFITS AND COSTS BY USER GROUP
(In Millions of $1976; Discounted at 0.10)

Incremental Incremental Net Benefit/Cost
User Group Benefits Costs Benefits* Ratio

Air Carrier $586 $ 69 $517 8.5
(Passenger Time) ($286) -- -- --

Conuter 22 9 13 2.4
(Passenger Time) (9) -- -- -

General Aviation:
Corporate Jets 14 41 -27 0.34
Mlti-Prop 13 15 -2 0.87
Single-Prop 36 38 -2 0.95

All Aviation Users $671 $172 $499 3.9
(Passenger Time) ($295) -- -- --

Federal Aviation Admin. -40 40

Note: All totals rounded off.
*Net Benefits Equal Incremental Benefits Less Incremental Costs.
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3.3 CONCLUSIONS

0 The Economic Analysis indicates that MLS has strongly favorable benefit
ratios. This is the case even in the light of conservative assumptions
used throughout the analysis, including an implementation strategy
assumed for analysis purposes that can be improved upon realistically.

* The question of frequency channel limitations is an underlying system-wide
advantage for MLS. If the National requirement level were to reach 1400
ground installations, then the decision to implement MLS becomes over-
riding. However, even at the forecast requirement level of 1250
systems, the cost of converting from 100-kHz to 50-kHz ILS channel separa-
tions will place a significant economic burden on both the community of
aviation users and on the FAA.

0 The dollar value of calculated military benefits were not included in the
economic analysis, yet the analysis conducted for this category of user
indicates that a potential benefit in O&M cost savings as high as $36.9
million (undiscounted) per year may be attainable with MLS. In addition,
there would be an increased operational advantage to the military services
from the use of a single standard for precision guidance standard that is
also compatible with civilian use.

* A potential for significant reductions in incremental (MLS-ILS) costs to
the FAA was identified for providing higher categories of service (CAT II
and CAT III) at those airport locations at which major investments in pre-
cision guidance have not yet been made. The FAA cost savings with MLS were
not included in the benefit-to-cost ratio that favors the use of MLS for
the consensus of the community of aviation-users.

0 A potential international market for U.S. manufacturers of NLS could result
in a contribution of approximately $0.9 billion (undiscounted) to the
nation's "balance of payments" position.
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INTROIJDUCION

The implementation strategies discussed in this appendix were prepared by
the FAA's Office of Aviation System Plans to reflect their efforts on
behalf of MIS Transition Planning. It is an indication of FAA's develop-
ment of the capability to assess the impact of alternative MLS/ILS
implementation strategies; which will include analysis of the results
from this MS cost/benefit analysis study.
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IMPLEMENTATION STRATEGY

A study to determine the method of transition from the present ILS to AS was
performed using a model developed by TSC for FAA in accordance with Project Plan
Agreement No. FP-607, "Upgraded Third Generation System Establishment Criteria,"
Task 1-a, "LS Implementation Methodology and Evaluation." This model was used in
the preliminary assessment and ranking of implementation strategies. Further
analysis and assessment are being performed using the data from this model by the
Office of Aviation System Plans to determine the ranking factors and recommended
strategies.

The strategies model assumed that there would be a one-step transition from ILS
to MLS with no intermediate system, and that transition would be completed by the
year 2000.

Over twenty MLS implementation options, either furnished by the FAA or developed
by TSC, were assessed using the computer-based model. The six most promising options
were then identified and combined into twelve strategies to be assessed and analyzed.

The most promising MLS implementation options and their definitions follow:

1. Baseline AS Deployment. MLS's are installed, in order of runway AIA's at
runways (wheteror not they are ILS equipped) that meet the MS establishment
criteria for CAT I, II, or III MS.

2. New-Qualifier Airports. One CAT I (only) MS is installed at each non-ILS
airport that either meets the CAT I LS establishment criteria or has sustained
scheduled air-carrier turbojet service. Installation priority is in order of runway
AIA's.

3. Noise-Sensitive Runways. An MLS is installed at each runway identified as
being noise sensitive. Installation priority is in the order of runway AIA's. CAT
I, II, or III AS's are installed in accordance with MLS establishment criteria.

4. Network Ai orts. An AS is installed at each airport in a network served
by particular fleets, where a fleet consists of aircraft of a single type (e.g.,
three-engine wide-body jets) operated by a specific user e.g., United Airlines).

5. New-Qualifier Runwa s at Equipped Airports. Install a CAT I, II, or III
S in accordance with ALS establishment criteria and in order of runway AIA's, at

newly qualified (non-ILS) runways at airports that already have at least one preci-
sion landing system (ILS or LS).

6. Upgrading to CAT II/III. Install a CAT II or CAT III LS, in accordance
with AIS establishment criteria and in the order of runway AIA's, at airports that
qualify for upgrading from CAT I to CAT II or from CAT II to CAT III.

The six options defined above have been grouped together as follows to form
twelve strategies.
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1. New-Qualifier Airports and Baseline Deployment. Install NLS first at
new-qualifier airports and then per We Baseline Option. $20 million annual F&E
funding limit.

2. New- lifier Airports, New-Qualifier Runways at Equipped Airports, and
Baseline Deployment. Install MLS first at new-qualifier airports, then at new-
Tuaifier runways at airports that already have at least one precision landing sys-
tem, and finally per the Baseline Option. $20 million annual F&E funding limit.

3. New-Qualifier Airports and Baseline Deployment. Same as Strategy Nb. 1,
except $50 million/year instead of $20 million/year F&E funding limit.

4. Upgrading to CAT II/III, New-Qualifier Airports and Baseline Deployment.
Install LS first at airports that qualify for upgrading from CAT I to CAT II or
from CAT II to CAT III, then at new-qualifier airports, and finally per the Base-
line Option. $20 million annual F&E funding limit.

5. New-Qualifier Airports, Noise-Sensitive Runways, and Baseline Deployment.
Install MLS first at new-qualifier airports, then at noise-sensitive nways, then
per the Baseline Option. $20 million annual F&E funding limit.

6. Funding Split Among Network Airports, New-Qualifier Airports, and Baseline
Deploynt. Allocate first 1/3 of annual F&E funding to network airports, next
1/i to new-qualifier airports, and last 1/3 for baseline deployment. $20 million
annual F&E funding limit.

7. Funding Split Among Network Airports, New-Qualifier Airports, and Baseline
Deploymnt. Same as Strategy No. 6 except $50 million/year instead of $20 million/
year F&E funding limit.

8. Network Airports, New-gualifier Airports, and Baseline Deployment. Install
WS first at network airports, than at new-qualifier airports, and finally per the

Baseline Option. $20 million annual F&E funding limit.

9. Upgrading to CAT l/III New-ualifier Airports, and Baseline Deploment.
Same as Stragegy No. 4 except $50 million/year instead of $20 million/year F&E
funding limit.

10. New-Qualifier Airports, New-ualifier Runwa s at Equipped Airports, and
Baseline Deployment. Same as Strategy No. 2 except $50 million/year instead of
$20 million/yearFWE funding limit.

11. Upgrading to CAT II/III, New-Qalifier Ailorts New aifier Rulwa s,

and Baseline Deployment. Install MIS first at airports that quality for upgrading
from CA I to CAT II or from CAT II to CAT III, then at new-qualifier runways at
airports which already have at least one precision landing system, and finally per
the Baseline Option. $20 million annual F&E funding limit.

12. New-_quaifier Airorts, Noise-Sensitive Ibmwa s, New-Qualifier Runways,
and Baseline ployment. Install MLS first at new-qualifer" airports, then at
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noise-sensitive runways, then at new-qualifier runways at airports which already
have at least one precision landing system, and finally per the Baseline Option.
$20 million annual FSE funding limit.

Four benefit categories were included in the model, each of which is expresssed
in terms of a natural unit as well as a dollar value. The benefit categories are:
reduced flight disruptions, shortened approaches, increased safety and reduced noise.

The costs included in the model are (1) investment costs for MLS ground systems
and avionics, ILS avionics, and runway lighting, and (2) the operations and mainte-
nance costs for MIS ground systems and avionics, ILS ground systems and avionics,
and runway lighting.

Preliminary findings from assessment of the first model runs are:

" Increasing the annual F&E expenditure limit for MLS ground systems from
$20 million to $50 million resulted in a reduction in both the net present
values (NPV) and the benefit-to-cost (B/C) ratio of a strategy.

" Major factors contributing to high NPV and B/C were early deployment of CAT
III MLS in busy large-hub air carrier airports and early MLS avionics
equipage by air carriers; this resulted in a large benefit due to reduced
flight disruptions, which accounted for about 98 percent of the total dollar
benefits accrued.

" The total cost for each of the strategies assessed has an approximate split
of 70 percent due to avionics and 30 percent due to ground systems. In
this investigation, the best strategy (No. 1) in terms of NPV had the
lowest avionics cost, and the poorest strategy (No. 8) in terms of NPV had
the highest avionics cost.
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The Use of "Discount Rates" and OMB Circular A-94
in Making Investment Decisions

A simple rule to follow in deciding whether to purchase a piece of capital
equipment for the current supply price of $S, given that it will provide a stream of
net revenues designated by $Rt for each of t years, is to sum up all of the revenues
over the lifetime of the equipment, and then to compare these revenues with the
purchase price of the equipment in order to estimate the rate of return earned on
the cost of the investment. The decision to invest in the equipment is, then, based
on a determination of whether the calculated rate of return is a satisfactory one
for the investor. In the private sector of the economy, a decision to invest can be
made by comparing the calculated rate of return with the prevailing rate of interest.
The market rate of interest is a proxy for the rate of return that could be earned in
other, alternative, investments. Thus,

Equation : 1) $S = , t = equipment life in years.(1 + r) t

Decision rule: Invest in equipment if, r > i (i = prevailing rate of interest)

For the special case in which the net revenues are identical in each year, i.e.,
$Rt = $R, Equation 1) reduces to its equivalent form.

$S = E- (1- , where e is the base of
Equation: 2 r ert natural logarithms.

This is the familiar "annuity equation" that calculates the equivalent current
value of a series of equal yearly incomes. Example:

To determine R, the annual rate of return available from an investment with
a purchase price of $1000 and yielding a rate of return of 0.12 for t = 5 years,
we solve equation 2) for:

R= Sr S= Supply price of $1000

ert
e

The parenthetical term is calculated as 0.4512.Hence R = 120
Hence,0R = $266 per year

An annual payment of $266 per year will return the purchase price of a$1000
investment in 5 years while yielding a return of 12 percent.
For the case of a perpetual anuity which costs $1000 and yields a yearly income
forever, Equation 2 reduces to the simple calculation:
R - 0.12.($1000); or $120 annually.
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OM Circular A-94 is consistent with the above discussion and the resulting
rules for deciding about investments. The rate of return, which OMB specifies that
all potential investments be compared to, is 0.10. This rate is the proxy for all
alternative investments which OB might undertake. From Equation 1 it is evident
that if "r" is specified as 0.10, a comparison of the right hand side of the equa-
tion will automatically yield a rate of return greater than 0.10, if it exceeds
$S, the supply cost of the equipment. The right hand side of the equation defines
a series of anticipated revenues which are "discounted" by the specified rate of
return to yield the equivalent dollar value at a point in time; usually the present.

However, the supply cost of an investment need not be a one-time expenditure
such as the current price to purchase a piece of equipment. In general, investments
require that expenditures be made over a period of time. In a manner similar to the
one described for anticipated revenues, the series of anticipated expenditures can
be expressed as:

Equation: 3 $Ct are annual costs in year, t.

Again, for the special case in which identical cost expenditures of amount $C are
made each year, the stream of anticipated expenditures reduces to,

Equation: 4 S- $7r (1- 1

e

Thus, in comparing the present value of the sums of the anticipated revenues and
costs for this special case, we get:

$- 1 (

Equation: 5 e e
r r

Note, that the discount term cancels out. The decision rule to follow is
simple one of comparing the average annual costs, $C, with the average annual reve-
nues, $K. Invest if $R > $C. The realistic effect of the OM Circular which spec-
ifies the comparative rate of return to b'e used in all investment analyses made in
the governmental sector is, therefore, seen as influencing investment analyses only
when the time distribution of actual expenditures and revenues are considerably dif-
ferent from their average values. This is, indeed, the case when research and develop-
ment programs are evaluated for their investment potential. Costs for these program
occur during the earliest program years while net benefits or revenues do not ac-
crue until the latter years of the program. The effect of discounting the costs and
revenues associated with R&D programs by a rate as high as 0.10, therefore, imposes
a severe burden which significantly diminishes the possibility of justifying these
program3 by analytical methods. 'The purpose of this note is not to present a
critique of the OB directives contained in Circular A-94. This is not the proper
platform, in any event, for mounting such a critique. Rather, we are suggesting
that the OMB Circular has greater validity in comparing programs grouped by similar
characteristics, i.e., a comparison of alternative research programs rather than
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with programs which may merely involve, say, a change in operational procedures.
The marginal productivity (the rate of return) of investments in research programs
are difficult to estimate. The rate of return on research may, in fact, be closer
to zero rather than the 10 percent rate specified by ONB as indicative of the poten-
tial available from other investment opportunities. And, yet, every segment of the

nation's economy recognizes the need to have a strong and continuing effort to
develop new programs. The purpose of this note, however, is to describe how the
directives of the OMB Circular are being complied with in the present study.

The dollar values of costs and benefits included in the Economic Analysis
of the study adhered strictly to the guidelines prescribed by OMB Circular
No. A-94. However, the rate of return of 0.10 specified in the circular was
changed in the study when it was appropriate to do so in order to reflect more
closely the experience of the user groups represented in the analysis. It
makes little sense to attempt to evaluate the investment potential of the
MLS program from an airline's or private aircraft owner's point of view by
using guidelines which are pertinent for governmental accounting purposes. For one
thing, the opportunities for alternative investment which determine the prescribed
rate of return are not the same for any given single industry included in the private
sector of the economy. Moreover, there is a considerably lessened ability for
private companies or individuals to finance programs from existing funds. Thus,
the summation of all future expenditures for, say, the nation's airlines when
discounted to the present (Equation 3), will significantly underestimate the true
costs of procuring new avionics systems. For example, for a present airline fleet
of 2,600 aircraft forecast to grow to 4,660 by the year 2000, it is estimated that
some 285 ILS avionics systems for replacement purposes plus new additions to the
fleet would have to be purchased each year at a cost of some $6 million. In addition,
during a nominal transition period of ten years, when redundant ILS and MLS systems
are in operation, some $11 million of MLS avionics costs are required to be
purchased; a total of $17 million annually for ten years. Rather than being con-
fronted with a "discounted" total of these $17 million, the airlines would, more
realistically, be confronted with the need to borrow the money, at an additional
cost, in order to meet their avionics investment cost obligations. The airlines do,
of course, recognize that the "right hand of the equation" -- i.e., the dollar
estimate of anticipated benefits being used to justify their expenditures for new
avionics equipment -- are being discounted at an identical rate, to a lower total.
The burden of underestimated costs is, therefore, being offset by an underestimation
of the benefits. Still, this presentation of the relative values of benefits and
costs does not provide an appropriate indicator of the attractiveness of an invest-
ment, if the investor cannot avail himself of the opportunity to invest due to a lack
of funds and he is forced to borrow them at additional cost.

The argument that the estimate of the realistic investment costs for a user
group in the private sector should include the costs of borrowing capital funds is
not inconsistent with the OMB directives. There is no dictate in Circular A-94 con-
cerning the nature of the costs that are to be included in the accounting of benefits
and costs. It is assumed that all realistic and appropriate costs will be included
in the accounting. If the costs of borrowing funds are relevant for airline ac-
counting purposes, the assumption holds that these costs are to be included in the
estimates for $Ct shown in Equation 1. However, in satisfying the desire to include
a realistic estimate for the cost to borrow funds, it becomes necessary to deviate
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from the OMB guidelines concerning the specific rate of return to be used for
discounting costs and benefits. There is no logical or compelling reason for im-
posing a nation-wide rate of return if it does not conform to the experience for
the industry group for which the investment analysis is being conducted. For this
reason, three alternative rates for the cost of capital were employed in the study:

1) A nominal case in which the CMB guideline to use a discount rate of 0.10
was adhered to strictly.

2) An alternative discount rate of 0.12 to reflect the higher opportunity
cost of capital to the Natiorls major airlines. This is the maximum (after taxes)
rate of return allowed by the CAB. The effect of this change can be viewed in line
6 of the "Sensitivity Analysis" conducted in section 1.6. Net benefits (benefits
less costs) to the air carrier group are seen as being reduced form $517 million
to $404 million to reflect the increased cost of a loss in airline investment
opportunity at the higher discout rate. This added cost is not sufficient to affect
the study's recommendations.

3) A rate of 0.12, but this time the rate is not used to "discount" future
benefits and costs. It was included as an additional cost to finance the purchase
of avionics equipment. The method used for including a rate of 0.12 as the additional
cost to borrow capital was one of determining the annual amortized costs required to
lease equivalent levels of equipment. By using the reverse form of equation 2)
we calculated, for example, that a purchase of equipment with an original price tag
of $1000 can be mortgaged into 5 equal payments of $266 per year. The payments
include the costs to borrow capital (in contrast to discounting) at a loan rate of
0.12.

In general we define $C, the amortized annual cost of capital equipment with
a purchase price of $I, having a useful life of ,t, years, and a rate of borrowing
capital, r, by:

Equation: 2.A $C =- $I(r)
1- --1

e

The effect of added borrowing costs to the airline to purchase avionics
equipment by a leasing arrangements was estimated by the study as part of the
"Sensitivity Analysis" shown in section 1.6. The cost impact can be seen by noting
in table 1.3-13 that the total investment in MLS avionics equipment for the Air
Carrier user group to replace the ILS avionics and provide for new additions to
the fleet over a 20 year program period, is a bill for $192.0 million in actually
expended (undiscounted) dollars. The total bill for MLS avionics estimated under
the same general assumptions and fleet size, but with an additional allowance to
pay for the costs to borrow the funds (at a rate ,r, of 0.12) to purchase the MLS
avionics is shown in table 1.3-7B below as $267.8 million in actually expended
(undiscounted) dollars. The difference in dollar costs due to purchasing MLS
avionics on a lease or credit arrangement is, thus, seen to be ($267.8 - $192.0,
or) $75.8 million over a 20 year period.

The ability to purchase avionics through a leasing arrangement at an additional
cost of 12 per cent a year provides the user with the opportunity to postpone these
costs to a later date. Since the Economic Analysis included in the study was con-
ducted under the rules prescribed by OMB Circular A-94 which recognizes that the
present value of dollar amounts of dollar expended or received exeeed the value of
future dollar amounts by a compound rate of 0.10 per year, it is necessary to cite
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all benefits and costs in the same context of present value dollars. This is shown
in line 7 of the "Sensitivity Analysis" conducted in section 1.6.

When the dollar difference is MLS avionics cost due to the borrowing of capitol
are discounted along with the dollar benefits accuring to the Air Carrier user
group, the results shown in line 7 of the "Sensitivity Analysis" indicate that net
benefits (benefits less costs) are reduced from $517 million to a total of $396
million. The study's recommendations are unaffected by this reduction.
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APPENDIX C

Incremental Safety Benefits

Tables 7B - 7D
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APPENDIX D

INCREMENTAL FLIGHIT DISRUPTrION BENEFITS

TABLES 9B thru 9H
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APPENDIX E

ILS COMPONNT
OUTAGES AT 20 MAJOR
AIRPORTS (1972-73)
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APPENDIX F

(deleted)
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APPENDIX G

LS and ILS Avionics Implementation Schedule

Tables 3 thru 6
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APPENDIX H

ILS Avionic Costs
Tables 8 thru 11
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APPENDIX I

MIS Avionic Costs
Tables 14 thru 17
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APPENDIX J

Listing of

Conunissioned and Planned ILS Installations

(Section 1.3.2, Page 1-84)

I J-1



AIRWAY FACILITIES SERVICE
ESTABLISHM4BW PROGRAM DIVISION
CURRENT STATUS OF ILS PRO)GRAM

OM4ISSIONED March 31, 1976 FULL LOC/MKR TAL

- ILS 496 46 542
- AIRPORTS WITH ILS 381 28 409

PLANNED (NOT YET ClI0ISSIONED) FULL GS/MKR LOC/MKR

- NEW ILS 95 19 60
- NEW AIRPORTS 34 12 55

TOTAL (MWSSIONED & PLANNED) FULL PARTIAL TOTAL

- ILS 610 87 697
- AIRPORTS 427 71 498

*Includes: LOC/IAE, LAI/EIE, LOC Only, ILS BC/GS.
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APPENDIX K

GROWN SYSTEM TO BE CC?4ISSICt4E
FRCM4 PRESENTf LFVELS TO PLANINED REQUIP3DENTS BY YEAR 2000

Tables 21.1 thru 25.1
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APPENDIX L

INSTRUMEr LANDING SYSTEM

INSTALLATION WITH MINIMA

ABOVE CATEGORY I

(As of August 1975)

(Section 1.3.3, Page 1-90)
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APPENDIX M

ILS Ground System Costs

Tables 23 thru 32
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APPENDIX N

KIS Ground System Costs

Tables 34 thru 40
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APPENDIX 0

IIS Installation Costs For
57 Cmmuissioned Systems

(Section 2.4.2.1, page 2-35)
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MEMO TO THE FILES September 25, 1975

FROM: Jacques S. Kouchakdjian, ARD-730

SUBJECT: Site Preparation Cost Estimates for ILS

In a letter from ARD-700 dated August 5, 1975, and addressed to Regional Airports
Division Chiefs (copy attached), ILS site preparation cost information was solicited
from nine contiguous regions. Eight of the nine regions made a positive response to
the subject letter and provided the information swmiarized in Table 1. Responses on
57 Category I, 9 Category II, and one Category III ILS projects are tabulated. As
sbown in the table, seven of the projects were not used in establishing average site
preparation costs.

The total site preparation cost for 53 Category I locations is $4,763,730. This
results in an average per site cost of $89,881.

The total site preparation cost for seven Category II locations, which represent
Category I sites upgraded to Category II, is $436,274. This results in an average
per site cost of $62,325. -1

Site preparation costs for new Category II installations and Category III installa-
tions cannot be estimated since insufficient information is available.

JAOQUES S. KOUQAKDJIAN
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AUG. 15 1975

ARD-730

ILS Site Preparation Cost Information

Chief, Microwave Landing System Division, ARD-700

Regional Airports Division Chiefs (except APC, AAL)

Factual site preparation costs for Category I, II, and III ILSs are required to
support ILS/MLS cost comparison being conducted by this office. Typical cost figures
suggested by the various sources in headquarters cannot be substantiated. We feel
that only sources closely associated with each specific project can provide reliable
cost information.

The site preparation costs required are those incurred as a result of excavation,
fill-in, grading, leveling, clearing, grubbing, etc., to prepare the terrain critical
for the satisfactory performance of the localizer and glideslope subsystems. We are
interested in the costs at all locations commissioned, beginning in 1973. We would
also appreciate receiving this information for sites not yet conmissioned, either
started or programmed, where site preparation cost data are available or where esti-
mates can be made on these costs. When providing this information, please identify
whether the site is a new installation or one which is being upgraded to provide
higher category operation.

To avoid placing unnecessary workload burdens on the regions, we will be pleased
to accept whatever data you can develop within a two-week period. For points of
clarification, please have regional personnel contact Mr. Jacques Kouchakdjian,
ARD-730, telephone 202/426-9240.

Your cooperation in this matter is greatly appreciated.

JOSEPH M. DEL BALZO
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